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Preface 


The fifth edition of Introductory Algebra: An Applied Approach provides mathe- 
matically sound and comprehensive coverage of the topics considered essential 
in an introductory algebra course. The text has been designed not only to meet 
the needs of the traditional college student but also to serve the needs of return- 
ing students whose mathematical proficiency may have declined during years 
away from formal education. 


In this new edition of Introductory Algebra: An Applied Approach, we have contin- 
ued to integrate some of the approaches suggested by AMATYC. Each chapter 
begins with a mathematical vignette in which there may be a historical note, an 
application, or a curiosity related to mathematics. At the end of each section 
there are “Applying the Concepts” exercises, which include writing, synthesis, 
critical thinking, and challenge problems. Each chapter ends with a “Focus on 
Problem Solving,” which introduces students to problem-solving strategies. This 
is followed by “Projects and Group Activities,” which can be used for cooperative 
learning activities. 


INSTRUCTIONAL FEATURES 


Interactive Approach 


Introductory Algebra: An Applied Approach uses an interactive style that provides 
a student with an opportunity to try a skill as it is presented. Each section is 
divided into objectives, and every objective contains one or more sets of 
matched-pair examples. The first example in each set is worked out; the second 
example, called “You Try It,” is for the student to work. By solving this problem, 
the student practices concepts as they are presented in the text. There are com- 
plete worked-out solutions to these examples in an appendix at the end of the 
book. By comparing their solution to the solution in the appendix, students are 
able to obtain immediate feedback on and reinforcement of the concept. 


Emphasis on Problem-Solving Strategies 


Introductory Algebra: An Applied Approach features a carefully developed 
approach to problem solving that emphasizes developing strategies to solve 
problems. Students are encouraged to develop their own strategies, to draw dia- 
grams, and to write strategies as part of their solution to a problem. In each case, 
model strategies are presented as guides for students to follow as they attempt 
the “You Try It” problem. Having students provide strategies is a natural way to 
incorporate writing into the math curriculum. 


Emphasis on Applications 

The traditional approach to teaching algebra covers only the straightforward 
manipulation of numbers and variables and thereby fails to teach students the 
practical value of algebra. By contrast, Introductory Algebra: An Applied Approach 
contains an extensive collection of contemporary application problems. Wher- 
ever appropriate, the last objective of a section presents applications that require 
the student to use the skills covered in that section to solve practical problems. 
This carefully integrated applied approach generates student awareness of the 
value of algebra as a real-life tool. 


Completely Integrated Learning System Organized by Objectives 

Each chapter begins with a list of the learning objectives included within that 
chapter. Each of the objectives is then restated in the chapter to remind the stu- 
dent of the current topic of discussion. The same objectives that organize the text 
are also used as the structure for exercises, testing programs, and the Computer 


xii Preface 


An explanatory passage 
begins each objective. 


Paired examples follow the 
explanatory passage. 


The interactive key is the 
You Try It in each pair. It has 
not been worked so that the 
student may practice the 
skill, referring to the worked 
example at the left if 
necessary. 


Reference to the Solutions 
Section allows the student 
to check full solutions 
immediately. 


Tutor. For each objective in the text, there is a corresponding computer tutorial 


and a corresponding set of test questions. 


AN INTERACTIVE APPROACH 


Instructors have long realized the need for a text that requires students to use a 
skill as it is being taught. Introductory Algebra: An Applied Approach uses an inter- 
active technique that meets this need. Every objective, including the one shown 
below, contains at least one pair of examples. One of the examples is worked. The 
second example in the pair (You Try It) is not worked so that students may “inter- 
act” with the text by solving it. To provide immediate feedback, a complete 
worked-out solution to this example is provided in the Solutions Section at the 
end of the book. The benefit of this interactive style is that students can imme- 
diately determine whether a new skill has been learned before attempting a 


homework assignment or moving on to the next skill. 


Section 3.1 / Introduction to Equations 87 


Sell Introduction to Equations 


Objective A To determine whether a given number 


IS ATS OLUTION ONAN € CUatiO lien teeta een ene (BO) 
POINT OF INTEREST — > An equation expresses the equality of 9+3=12 
ean two mathematical expressions. The expres- 3x —2=10 Peake 
equations ever stated is sions can be either numerical or variable y +4=2y—-1 
E = mc®. This equation, stated expressions. las 
by Albert Einstein, shows that 
there is a relationship between 5 ; P F A 
passin aidioncray EASA The equation at the right is true if the vari- x+ 8 = 13 
side note, the chemical able is replaced by 5. 5+8=13 A true equation 


element einsteinium was 
TERENAS The equation is false if the variable is 7+8=13 A false equation 


replaced by 7. 
A solution of an equation is a number that, when substituted for the variable, 
results in a true equation. 5 is a solution of the equation x + 8 = 13. 7 is nota 


solution of the equation x + 8 = 13. 


=» Is —2 a solution of 2x + 5 = x? — 3? 


TAKE NOTE 24 5) — Ko 

The Order of Operations AED) ae SS || (GBP = 3 Replace x by —2. 

Agreement applies to alae 15). | Ai 8} Evaluate the numerical expressions. 

ee Ase) or aang 1=1 ® If the results are equal, —2 is a solution of 
ey — Dispeainawa: the equation. If the results are not equal, 


—2 is not a solution of the equation. 


the equation. 


Example 1 Is —4 a solution of —> You Try it1 Is 1 4 solution of 
5x — 2 = 6x-+27 i 
5 — 4x = 8x + 2? 


bye = = Oe cp 7? 
BG) 26 (= 4 ie 
=A) 2 || =D sep 
=) = — Dp 


Solution 


Your solution 


Yes, —4 is a solution. 


Example 2 Is —4 a solution of You Try It2 Is 5 a solution of 
4+ 5x =x? — 2x? 100 = x? = 3% — 10? 
Solution “Nat Bye ah = he Your solution 


A SA ara 24) 
4 + (=20) || 16 = (8) 
—16 # 24 


(* means “is not equal to”) 


Solutions on p. S4 
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A strategy, which the 
student may use in solving 
an application problem, is 
stated. 


The strategy is used in 
the solution of the worked 
example. 


Students are encouraged to 
write a strategy for the 
application problems 
they solve. 


Preface Xiil 


AN EMPHASIS ON APPLICATIONS 


The traditional teaching approach neglects the difficulties that students have in 
making the transition from arithmetic to algebra. One of the most troublesome 
and uncomfortable transitions for the student is from concrete arithmetic to 
symbolic algebra. Introductory Algebra: An Applied Approach recognizes the for- 
midable task the student faces by introducing variables in a very natural way— 
through applications of mathematics. A secondary benefit of this approach is 
that the student becomes aware of the value of algebra as a real-life tool. 


The solution of an application problem in Introductory Algebra: An Applied 
Approach is always accompanied by two parts: Strategy and Solution. The strat- 
egy is a written description of the steps that are necessary to solve the problem; 
the solution is the implementation of the strategy. This format provides students 
with a structure for problem solving. It also encourages students to write strate- 
gies for solving problems, which, in turn, fosters organizing problem-solving 
strategies in a logical way. 


142 Chapter 3 / Solving Equations 


Example 2 You Try It 2 
A chemist wishes to make 2 L of an 8% acid A pharmacist dilutes 5 L of a 12% solution ; 
solution by mixing a 10% acid solution and with a 6% solution. How many liters of the 
a 5% acid solution. How many liters of each 6% solution are added to make an 8% 
solution should the chemist use? solution? 


Strategy Your strategy 


Liters of 10% solution: x 
Liters of 5% solution: 2 — x 


The sunyof the quantities before mixing is 
equal o the quantity after mixing. 


Solution Your solution 
0.10x + 0.05(2 — x) = 0.08(2) 


0.10x + 0.10 — 0.05x = 0.16 
0.05« + 0.10 = 0.16 
0.05x = 0.06 

x= 1.2 


ed 


Serv 


All rights re 


i ye O28 


pany 


‘on 


The chemist needs 1.2 L of the 10% solution 
and 0.8 L of the 5% solution. 


Solution on p. S8& 
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An objective statement 
names the topic of each 
lesson. 


The exercise sets 
correspond to the objectives 
in the text. 


The answers to the odd- 
numbered exercises are 
provided in the Answer 
Section. 


The answers to the Chapter 
Review Exercises, the 
Chapter Test, and the 
Cumulative Review 
Exercises show the 
objective to study if the 
student incorrectly answers 
the exercise. 


OBJECTIVE-SPECIFIC APPROACH 


Many mathematics texts are not organized in a manner that facilitates manage- 
ment of learning. Typically, students are left to wander through a maze of appar- 
ently unrelated lessons, exercise sets, and tests. Introductory Algebra: An Applied 
Approach solves this problem by organizing all lessons, exercise sets, computer 
tutorials, and tests around a carefully constructed hierarchy of objectives. The 
advantage of this objective-by-objective organization is that it enables the stu- 
dent who is uncertain at any step in the learning process to refer easily to the 
original presentation and review that material. 


The Objective-Specific Approach also gives the instructor greater control over 
the management of student progress. The Computerized Test Generator and the 
printed Test Bank are organized by the same objectives as the text. These refer- 
ences are provided with the answers to the test items, thereby allowing the 
instructor to quickly determine those objectives for which a student may need 
additional instruction. 


The Computer Tutor is also organized around the objectives of the text. As a 
result, supplemental instruction is available for any objectives that are trouble- 
some for a student. 


ay Introduction to Equations 


Objective A To determine whether a given number 
is-avsolution) of: ani@Guation -.ssszseescs eee ors es eeeeee ee (T3}) — 


(@ 3.1 Exercises _ 


Objective A 
1. Is 4a solution of 2. Is 3a solution of 3. Is —1 a solution of 
2x = 8? y+4=7? 2b —- 1 = 3? 
4. Is —2 a solution of 5. Is 1a solution of 6. Is 2a solution of 
3a —4= 10? 4 — 2m = 3? La Oi 2 
SECTION 3.1 
1. Yes 3. No 5. No US GS 9. Yes 11. Yes 13. No 15. Yes 17. Yes 19. Yes 21. No 
23. 6 25. 16 QT: 2952 Siils il 33. 0 Shh 3} S710 Se hs) 41. —-14 43. 2 
CHAPTER REVIEW 
(2A \psselrey| 2.10 [3.3B] Se 2A 4. No [3.1A] 5: 20: (SaG] 62 IS SBi 7. 30 is 
250% of 12. [3.1D] 8.4 [3.3A] 9..=1 [3:3B] 10.4 [3.3A] 11. The cost is $671.25. [3.2B] 


CHAPTER TEST 


1.—5 [33A] 2.—5 [3.1B] 3. -3 [3.2A] 4.2 [3.3B] 5.No [B.A] 6.5 [3.2A] 7. 05% 0f8 
: 1 
is 0.04. [3.1D] 8. —> [(3.3B] 9. 2 [3.3A] 10. -12 [3.1C] _ 11. 10 Ib of the $.70 rye flour and 5 Ib of the 
CUMULATIVE REVIEW 
16> [2B] 525-48 sales: = (1.4C] 4-2 [14D] 5.54 [1.5A] 6.24 [1.5B] 
7,6 [2A] 8. —17% [2.2A] 9. —5a—2b [2:24] 10. 2 [22B]) 11; 36) [22Bi 
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ADDITIONAL LEARNING AIDS 


Chapter Opener 


The Chapter Opener relates a historical, contemporary, or interesting note about 
mathematics or its application. 


Focus on Problem Solving 


At the end of each chapter there is a Focus on Problem Solving, the purpose of 
which is to introduce the student to various successful problem-solving strate- 
gies. Each Focus consists of a problem and an appropriate strategy to solve the 
problem. Strategies such as guessing, trying to solve a simpler but similar prob- 
lem, drawing a diagram, and looking for patterns are some of the techniques that 
are demonstrated. 


Projects and Group Activities 

The Projects and Group Activities feature can be used as extra credit or cooper- 
ative learning activities. The projects cover various aspects of mathematics 
including use of calculators, extended applications, and additional problem-solv- 
ing strategies. 


Chapter Summaries 

At the end of each chapter there is a Chapter Summary that includes Key Words 
and Essential Rules that were covered in the chapter. These chapter summaries 
provide a single point of reference as the student prepares for a test. 


Study Skills 

The To the Student preface provides suggestions for using this text and approaches 
to creating good study habits. Students are referred to this preface at appropri- 
ate places in the text. 


Computer Tutor 

This state-of-the-art Tutor is a networkable, interactive, algorithmically driven 
software package. Features include full-color graphics, a glossary, extensive 
hints, animated solution steps, and a comprehensive class management system. 
Written by the authors, the Tutor and the text are in the same voice. 


Glossary 
A Glossary at the end of the book includes definitions of terms used in the text. 


Margin Notes 

There are three types of margin notes in the student text. Point of Interest notes 
feature interesting sidelights of the topic being discussed. The Jake Note feature 
warns students that a procedure may be particularly involved or reminds stu- 
dents that there are certain checks of their work that should be performed. Cal- 
culator Notes provide suggestions for using a calculator in certain situations. In 
addition, there are Instructor Notes that are printed only in the Instructor's Anno- 
tated Edition. These notes provide suggestions for presenting the material or 
related material that can be used in class. 


Index of Applications 


The Index of Applications illustrates the power and scope of mathematics and its 
application. This may help some students see the benefits of mathematics as a 
tool that is used in everyday experiences. 


EXERCISES 


End-of-Section Exercises 
Introductory Algebra: An Applied Approach contains more than 6000 exercises. At 
the end of each section there are exercise sets that are keyed to the corresponding 
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learning objectives. The exercises are carefully developed to ensure that students 
can apply the concepts in the section to a variety of problem situations. Data 


Analysis exercises are identified by %. Calculator exercises are identified 


Applying the Concepts Exercises 


The End-of-Section Exercises are followed by Applying the Concepts Exercises. 
These sections contain a variety of exercise types, including: 


e challenge problems 

e problems that require the student to determine if a statement is always true, 
sometimes true, or never true 

e problems that ask students to determine incorrect procedures 


Writing Exercises 
Within the “Applying the Concepts Exercises,” there are Writing Exercises denoted 


by VA . These exercises ask students to write about a topic in the section or to 
research and report on a related topic. 


Chapter Review Exercises 


Review Exercises are found at the end of each chapter. These exercises are 
selected to help the student integrate all of the topics presented in the chapter. 
The answers to all Review Exercises are given in the answer section at the end of 
the book. Along with the answer, there is a reference to the objective that pertains 
to each exercise. 


Chapter Test Exercises 


The Chapter Test Exercises are designed to simulate a possible test of the mate- 
rial in the chapter. The answers to all Chapter Test Exercises are given in the 
answer section at the end of the book. Along with the answer, there is a reference 
to the objective that pertains to each exercise. 


Cumulative Review Exercises 


Cumulative Review Exercises, which appear at the end of each chapter (begin- 
ning with Chapter 2), help students maintain skills learned in previous chap- 
ters. The answers to ail Cumulative Review Exercises are given in the answer sec- 
tion. Along with the answer, there is a reference to the objective that pertains to 
each exercise. 


NEW TO THIS EDITION 


The major change for this edition has been the integration of the application 
problems from Chapter 4 of the previous edition throughout the text. Chapter 3, 
Solving Equations, now contains a significant number of application problems 
that allow students to apply their equation-solving skills as they learn them. This 
helps connect the mathematics they are learning with its real-world applications. 


Similar triangles and applications of similar triangles have been added to 
Chapter 6, Rational Expressions. 


Problems on investment have been moved to Chapter 8, Systems of Equations. 


We have added some problems that have too much data, thereby requiring the 
student to select the information needed to solve the problem. 


For some exercises, not enough information is given to reach a single answer. 
Thus, there is more than one answer that satisfies the conditions of the problem. 


The skill development exercises were thoroughly reviewed to ensure that there 
was adequate representation of various problem types. As a result of this review, 
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we have changed or replaced some drill exercises to include problem types that 
were missing. 


Approximately one-third of all the application problems were changed to reflect 
current data and trends. New application problems were added to demonstrate 
to students the variety of problems that require mathematical analysis. 


Career notes were added to the chapter opener pages to illustrate to students the 
diverse ways in which mathematics is used in the workplace. 


We have more than doubled the number of projects and group activities. Some 
of these projects have suggested Internet sites so that the student may continue 
to explore a topic. 


In response to suggestions by users, the Chapter Review Exercises are no longer 
categorized by section. Thus there are no organizational clues to students as to 
the type of skill needed to solve an exercise. The answers to all Chapter Review 
Exercises are in the answer section. Along with the answer, there is a reference 
to the objective that pertains to each exercise. 


SUPPLEMENTS FOR THE INSTRUCTOR 


Instructor’s Annotated Edition 

The Instructor’s Annotated Edition is an exact replica of the student text except 
that answers to all exercises are given in the text. Also, there are Instructor Notes 
in the margin that offer suggestions for presenting the material in that objective. 


Instructor’s Resource Manual with Chapter Tests 


The Instructor’s Resource Manual contains the printed Chapter Tests, which are 
the first of three sources of testing material. Eight printed tests—four free- 
response and four multiple-choice—are provided for each chapter. In addition, 
there are Cumulative Tests after Chapters 3, 6, 9, 11, and a Final Exam. The 
Instructor's Resource Manual also includes suggestions for course sequencing 
and outlines for the answers to the Writing Exercises. 


Computerized Test Generator 


The Computerized Test Generator is the second source of testing material. The 
database contains more than 2000 test items. The Test Generator is designed to 
provide an unlimited number of tests for each chapter, cumulative chapter tests, 
and a final exam. It is available for Windows and the Macintosh. Both versions 
also provide on-line testing and gradebook functions. 


Printed Test Bank 


The printed Test Bank, the third component of the testing material, is a printout 
of all items in the Computerized Test Generator. Instructors who do not have 
access to a computer can use the Test Bank to select items to include on a test 
being prepared by hand. 


Solutions Manual 


The Solutions Manual contains worked-out solutions for all end-of-section exer- 
cises, Chapter Review Exercises, Chapter Test Exercises, Cumulative Review 
Exercises, and the Final Exam. 


SUPPLEMENTS FOR THE STUDENT 


Student Solutions Manual 
The Student Solutions Manual contains the complete solutions to all odd- 
numbered exercises in the text. 
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Computer Tutor 


The content of this interactive, state-of-the-art tutorial software was written by 
the authors and is in the same voice as the text. The Tutor supports every topic 
in the text. Problems are algorithmically generated; solution steps are animated; 
lessons and problems are presented in a colorful, lively manner, and an inte- 
grated classroom management system tracks and reports student performance. 
Features include: 

® assessment e ability to print problems 

e free-response problems e syllabus customization 

e ability to repeat same problem type e ability to bookmark 


The Computer Tutor can be used in several ways: (1) to cover material the stu- 
dent missed because of absence; (2) to reinforce instruction on a concept that the 
student has not yet mastered; (3) to review material in preparation for exams. 


The networkable Tutor is available on CD-ROM or floppy disk for Windows. 
There is also a version available for the Macintosh. The Tutor is free to any 
school upon adoption of this text; however, students can purchase a copy of the 
Tutor on floppy disk for home use. 


a 
Within each section of the book, a computer icon appears next to each 


objective. The icon serves as a reminder that there is a Computer Tutor lesson 
corresponding to that objective. 


Videotapes 


Within each section of the text, a videotape icon Ca) | appears next to an 


objective for which there is a corresponding video. The icon contains the refer- 
ence number of the appropriate video. Each video topic is motivated through 
an application, and the necessary mathematics to solve that problem are then 
presented. 
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Take an active role in 
the learning process. 


Do the homework. 
Attend class regularly. 


Participate in class. 


Use the features of the 
text. 


Read the objective 
statement. 


Read the objective 
material. 


Study the in-text 
examples. 


Use the boxed 
examples. 


1. Study the example 
on the left. 


2. Solve the You Try It 
example. 


3. Check your work 
against the solution 
in the back of the 
book. 


Do the exercises. 


Check your answers to 
the odd-numbered 
exercises. 


Read the Chapter 
Summary. 


Do the Chapter 
Review exercises. 


To the Student 


Many students feel that they will never understand math, while others appear to 
do very well with little effort. Oftentimes what makes the difference is that suc- 
cessful students take an active role in the learning process. 


Learning mathematics requires your active participation. Although doing home- 
work is one way you can actively participate, it is not the only way. First, you 
must attend class regularly and become an active participant. Second, you must 
become actively involved with the textbook. 


Introductory Algebra: An Applied Approach was written and designed with you in 
mind as a participant. Here are some suggestions on how to use the features of 
this textbook. 


There are 11 chapters in this text. Each chapter is divided into sections, and each 
section is subdivided into learning objectives. Each learning objective is labeled 
with a letter from A to D. 


First, read each objective statement carefully so you will understand the learning 
goal that is being presented. Next, read the objective material carefully, being 
sure to note each bold word. These words indicate important concepts that 
you should familiarize yourself with. Study carefully each in-text example 
(denoted by an orange arrow), noting the techniques and strategies used to solve 
the example. 


You will then come to the key learning feature of this text, the boxed examples. 
These examples have been designed to assist you in a very specific way. Notice 
that in each example box, the example on the left is completely worked out and 
the “You Try It” example on the right is not. You are expected to work the right- 
hand example (in the space provided) in order to immediately test your under- 
standing of the material you have just studied. 


You should study the worked-out example carefully by working through each 
step presented. This allows you to focus on each step and reinforces the tech- 
nique for solving that type of problem. You can then use the worked-out exam- 
ple as a model for solving similar problems. 


Next, try to solve the “You Try It” example using the problem-solving techniques 
that you have just studied. When you have completed your solution, check your 
work by turning to the page in the Appendix where the complete solution can be 
found. The page number on which the solution appears is printed at the bottom 
of the example box in the right-hand corner. By checking your solution, you will 
know immediately whether or not you fully understand the skill you just studied. 


When you have completed studying an objective, do the exercises in the exercise 
set that corresponds to that objective. The exercises are labeled with the same 
letter as the objective. Math is a subject that needs to be learned in small sections 
and practiced continually in order to be mastered. Doing all of the exercises in 
each exercise set will help you to master the problem-solving techniques neces- 
sary for success. As you work through the exercises for an objective, check your 
answers to the odd-numbered exercises with those in the back of the book. 


After completing a chapter, read the Chapter Summary. This summary highlights 
the important topics covered in the chapter. Following the Chapter Summary are 
a Chapter Review, a Chapter Test, and a Cumulative Review (beginning with 
Chapter 2). Doing the review exercises is an important way of testing your under- 
standing of the chapter. The answer to each review exercise is given at the back 
of the book. Each answer to the Chapter Test and Cumulative Review is followed 


XX To the Student 


Check your answers. 


Restudy objectives 
you missed. 


Do the Chapter Test. 


Check your answers. 


Restudy objectives 
you missed. 


by a reference that tells which objective that exercise was taken from. For exam- 
ple, (4.2B) means Section 4.2, Objective B. After checking your answers, restudy 
any objective that you missed. It may be very helpful to retry some of the exer- 
cises for that objective to reinforce your problem-solving techniques. 


The Chapter Test should be used to prepare for an exam. We suggest that you try 
the Chapter Test a few days before your actual exam. Take the test in a quiet 
place and try to complete the test in the same amount of time you will be allowed 
for your exam. When taking the Chapter Test, practice the strategies of success- 
ful test takers: 1) scan the entire test to get a feel for the questions; 2) read the 
directions carefully; 3) work the problems that are easiest for you first; and, per- 
haps most importantly, 4) try to stay calm. 


When you have completed the Chapter Test, check your answers. If you missed 
a question, review the material in that objective and rework some of the exercises 
from that objective. This will strengthen your ability to perform the skills in 
that objective. 


The Cumulative Review allows you to refresh the skills you have learned in 
previous chapters. This is very important in mathematics. By consistently 
reviewing previous material, you will retain the skills already learned as you 
build new ones. 


Remember, to be successful: attend class regularly; read the textbook carefully; 
actively participate in class; work with your textbook using the “You Try It” 
examples for immediate feedback and reinforcement of each skill; do all of the 
homework assignments; review constantly; and work carefully. 
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Accounting, 106, 107 
Agriculture, 98 

The Airline Industry, 16, 70, 92 
Animal Science, 336 
Anthropology, 107 
Architecture, 288, 464 
Astronautics, 470 

Automotive Industry, 98 


Business, 30, 35, 50, 74, 97, 98, 
115, 116, 288, 294, 402, 418 


Calories, 80 

Carpentry, 126 

Cartography, 287 

Charities, 35 

Chemistry, 15, 48, 74, 97, 140, 142, 
158, 160, 187 

Collector’s Items, 80 

Commissions, 425 

Community Service, 422 

Comparison Shopping, 424, 426, 
436, 440 

Computers, 84, 188, 123 

Computer Science, 422 

Conservation, 288, 440 

Construction, 350 

Consumer Credit, 284 

Consumerism, 60, 73, 98, 108, 119, 
426 

Cost of Living, 325, 346 

Currency, 80, 396 


Demographics, 30, 353 

Demography, 74 

Depreciation, 341, 513 

Discount, 102, 106, 108, 156, 157, 
252, 364 


Earth Science, 187, 188, 470 
Education, 22, 48, 97, 124, 350, 

362, 418, 422, 436, 510 
Energy Comsumption, 97, 288 
Exchange Rates, 35 


Federal Deficit, 92 


Index of Applications 


Fire Science, 361 

Food Mixtures, 426 

Fuel Consumption, 36, 288 
Fund Raising, 290 


Gardening, 140, 242 

Geography, 15 

Geometry, Sections 3.5, 6.6, 10.4. 
See also pages 74, 156, 158, 160, 
lide 1785198; 200,202, 210; 
238, 241, 242, 248, 250, 252, 
308, 310, 312, 364, 396, 406, 
424, 436, 438, 440, 492, 498, 
499, 500, 508, 513, 514 


Health, 321, 360, 422 
Health Care, 360 


Insurance, 312 

Interior Decorating, 284 

Investments, 70, 124, 362, 380, 
382, 383, 384, 396, 402, 404, 
406, 482, 513 


Labor, 119, 123 
Labor Unions, 123 
Landmarks, 156 
Lawn Care, 310 

Life Expectancy, 353 
Lotteries, 290 


Manufacturing, 102, 116, 157 

Markup, 101, 105, 108, 474, 513 

Mathematics, 118, 119, 121, 122, 
156, 158, 160, 210, 237, 240, 
241, 250, 252, 312, 436, 440, 
AT2, 474, 500, 510, 513, 51/4 

Measurement, 73, 82, 120, 123, 
124, 160; 252 

Mechanics, 438 

Meteorology, 16 

Mixtures, Section 3.6. See also 
pages 156, 157, 158, 160, 202, 
287, 310, 312, 394, 395, 369, 


402, 404, 406, 474, 510, 513, 514 


Motion Problems, Sections 3.6, 


Index of Applications = Xxi 


6.8, 8.4. See also pages 74, 202, 
55, WO, Sk, 160), 25”, SOB 
SO), SIA, BS, Gaxoy, Stil, AOD 
404, 406, 492, 500, 506, 508, 
SIG, Sis}, Sule! 

Movies, 36, 325 

Music, 70 


National Parks, 353 
Nutrition, 422 


Physics, 102, 10671075 1125 115; 
155, 188, 238, 241, 346, 362, 
462, 463, 464, 470, 472, 474, 
482, 488, 500 

Politics, 98, 287 

Projection, 248 

Publishing, 242 


Real Estate, 73 
Recreation, 438 
Rocketry, 288 


Salaries, 425, 438 

Social Science, 97, 287, 353 

Sports, 74, 82, 108, 178, 241, 248, 
290, 308, 321, 325, 421, 463, 
488, 499, 500 

Stock Market, 22, 50, 98, 510 


Taxes, 36, 74, 288, 364, 421 

Technology, 123, 336, 360, 426 

Telecommunications, 48, 107, 123, 
345 

Temperature, 12, 20, 22, 346 

Total Cost, 332, 336 


Utilities, 123 


Weather, 325 

Work Problems, Section 6.8. See 
also pages 308, 310, 312, 364, 
474, 498, 499, 514 
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C H A P T E R 


County agricultural agents work with farmers to help them 
_ produce better crops. Many agents are specialists in soils. 
They teach farmers about the physical and chemical 


characteristics of the soil, helping them to make the most 


productive use of their land. Agricultural agents must have a 
good understanding of percents in order to analyze the 
composition of nutrients in farmland. Their goal is to assist 

farmers in improving the quality and quantity of crop yields 
and in controlling diseases and pests. 


Real Numbers 


Objectives 


Section 1.1 
To use inequality symbols with integers 
To use opposites and absolute value 


Section 1.2 

To add integers 

To subtract integers 

To solve application problems 


Section 1.3 

To multiply integers 

To divide integers 

To solve application problems 


Section 1.4 


To write a rational number in simplest form and as 
a decimal 


To convert between percents, fractions, and decimals 
To add or subtract rational numbers 

To multiply or divide rational numbers 

To solve application problems 


Section 1.5 
To evaluate exponential expressions 


To use the Order of Operations Agreement to 
simplify expressions 


ae SSS 


Early Egyptian Fractions 


One of the earliest written documents of mathematics is | 
the Rhind Papyrus. This tablet was found in Egypt in 4 
1858, but it is estimated that the writings date back to 
1650 B.C. 


The Rhind Papyrus contains over 80 problems. A study 
of these problems has enabled mathematicians and 
scientists to understand some of the ways the early 
Egyptians used mathematics. 


Evidence gained from the Papyrus shows that the 
Egyptian method of calculating with fractions was much 
different from the methods used today. All fractions were 
represented in terms of what are called “unit fractions.” A 
unit fraction is a fraction in which the numerator is 1. 
This fraction was symbolized (using modern numbers) 
with a bar over the number. For example, 

= | — 1 

3 3 f> i5 
The early Egyptians also tended to deal with powers of 2 
(2, 4, 8, 16,...). As a result, representing fractions with 2 
in the numerator in terms of unit fractions was an 
important matter. The Rhind Papyrus has a table giving 
the equivalent unit fractions for all fractions with odd | 
denominators from 5 to 101 and 2 as the numerator. ; 
Some of these are listed below. | 


HS oe ie, \ 
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Objective A 


TAKE NOTE 


We suggest you read “To the 
Student” on page xix. It 
provides an explanation of the 
organization of the chapters 
and lessons of this text. 


POINT OF INTEREST 


The Alexandrian astronomer 
Ptolemy began using omicron, 
o, the first letter of the Greek 
word that means “nothing,” as 
the symbol for zero in 150 A.D. It 
was not until the 13th century, 
however, that Fibonacci 
introduced 0 to the Western 
world as a placeholder so that 
we could distinguish, for 
example, 45 from 405. 
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introduction to Integers 


To use inequality symbols with integers .........cccccccceccceccceccseesseeees (UC }) CT 


It seems to be a human characteristic to group similar items. For instance, a 
biologist places similar animals in groups called species. Nutritionists classify 
foods according to food groups; for example, pasta, crackers, and rice are among 
the foods in the bread group. 


Mathematicians place objects with similar properties in groups called sets. A set 
is a collection of objects. The objects in a set are called the elements of the set. 


The roster method of writing sets encloses a list of the elements in braces. 
The set of sections within an orchestra is written {brass, percussion, string, 
woodwind}. 


The numbers that we use to count objects, such as the number of students in a 
classroom or the number of horses on a ranch, are the natural numbers. 


Natural numbers = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, ...} 


The three dots mean that the list of natural numbers continues on and on and 
that there is no largest natural number. 


The natural numbers alone do not provide all the numbers that are useful in 
applications. For instance, a meteorologist also needs the number zero and 
numbers below zero. 


RHC PCTS = yy ee yl Ol ea ee 


Each integer can be shown on a number line. The integers to the left of zero on 
the number line are called negative integers. The integers to the right of zero 
are called positive integers, or natural numbers. Zero is neither a positive nor a 
negative integer. 


Integers 
IS 


G any) 
——— 1 Ht t t t t t i 
a) -4 -3 -2 -1 0 1 2 3 4 5 
we —,- 4 ‘ ~— =! 
Negative | Positive 
integers Zero integers 


The graph of an integer is shown by placing a heavy dot on the number line 
directly above the number. The graphs of —3 and 4 are shown on the number line 


below. 


4 Chapter 1 / Real Numbers 


POINT OF INTEREST 


The symbols for “is less than” 
and “is greater than” were 
introduced by Thomas Harriot 
around 1630. Before that, —~ 
and — were used for > and <, 
respectively. 


POINT OF INTEREST 


The Greek influence is again 
felt with the symbol € for 

“is an element of.” Giuseppe 
Peano used this symbol in 1889 
as an abbreviation for the 
Greek word for “is.” 


Example 1 


Consider the sentences below. 


The quarterback threw the football and the receiver caught it. 
A student purchased a computer and used it to write history papers. 


In the first sentence, it is used to mean the football; in the second sentence, it 
means the computer. In language, the word it can stand for many different 
objects. Similarly, in mathematics, a letter of the alphabet can be used to stand 
for a number. Such a letter is called a variable. Variables are used in the 
following definition of inequality symbols. 


Inequality Symbols 


lf aand bare two numbers and ais to the left of bon the 
number line, then ais less than b. This is written a < b. 


If aand b are two numbers and ais to the right of bon the 
number line, then a is greater than b. This is written a > Db. 


Negative 4 is less than negative 1. 


ra figshe ll a5 24 33 ee 
5 is greater than 0. 


< a St ee ee 
SA) -5 -4 -3 -2 -l 0 1 2 3 4 5 


There are also inequality symbols for is less than or equal to (S) or is greater 
than or equal to (=). 


TaN 7 is less than or equal to 15. 
Thististrue because: 74 to. 


6=6 6 is less than or equal to 6. 
This is true because 6 = 6. 


The symbol € means “is an element of.” 2 € B is read “2 is an element of set B.” 


Given C = {3,5, 9}, then 3 €C,5 EC, and 9 EC. 7 € C is read “7 is not an ele- 
ment of set C.” 


You Try It 1 


Use the roster method to write the set of Use the roster method to write the set of 
negative integers greater than or equal to —4. positive integers less than 7. 


Solution 


A = {-4,- 


Your solution 
® A set is designated 
by a capital letter. 


Solution on p. S1 
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Example 2 
Given A = {—6, —2, 0}, which elements of set 
A are less than or equal to —2? 


Solution 
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You Try It 2 
Given B = {—5, —1, 5}, which elements of 
set B are greater than —1? 


Your solution 
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Find the order relation between each 
element of set A and —2. 


—6 < —2 

—2=-2 

0> -2 

The elements —6 and —2 are less than or 
equal to —2. 


Solution on p. S1 


Objective B_ To use opposites and absolute value€ ..............00000cccccccseees (3) (23) 


Two numbers that are the same distance from zero on the number line but are 
on opposite sides of zero are opposite numbers, or opposites. The opposite of 
a number is also called its additive inverse. 


The opposite of 5 is —5. 
|<—— 5 —+|+—— 5 ——+ 
ae feel 
25-4 3-2 = 0 ee 


a 


The opposite of —5 is 5. 


The negative sign can be read “the opposite of.” 


—(2) = -2 
—(-2) =2 


The opposite of 2 is —2. 
The opposite of —2 is 2. 


The absolute value of a number is its distance from zero on the number line. 
Therefore, the absolute value of a number is a positive number or zero. The 
symbol for absolute value is two vertical bars, | |. 


The distance from 0 to 3 is 3. Therefore, j<— 3 —>| 
j <~+—_—_+_ +_ ++ + + +_ +++ 
the absolute value of 3 is 3. Cs aa eee 
Bie 
The distance from 0 to —3 is 3. Therefore, ee 
the absolute value of —3 is 3. < : e55% a : ‘ d : ser 


(=3/=3 
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POINT OF INTEREST 


Absolute Value 


Minne ance et Hit The absolute value of a positive number is the number itself. For 
what is called rhetorical style. example, |9| = 9. 

That is, it is written without the 
use of variables. This is how al/ 


mathematics was written prior The absolute value of a negative number is the opposite of the 


to the Renaissance. During that . | 
dad trom meitath tithe 16H negative number. For example, |—7| = 7. 


century, the idea of expressing 
a variable symbolically was 
developed. In terms of that 
symbolism, the definition of 


The absolute value of zero is zero. |0| = 0 


absolute value is => Evaluate: —|—12| 
ey PA |= et ® The absolute value sign does not 
Ix} =4 0, x=0 aiag dee ae 
affect the negative sign in front of 
aK a) 


the absolute value sign. 


Example 3 You Try It 3 
Evaluate |—4| and —|—10]. Evaluate |—5| and —|—23]. 


Solution Your solution 


Example 4 You Try It 4 
Given A = {—12, 0, 4}, find the additive Given B = {—11, 0, 8}, find the additive 
inverse of each element of set A. inverse of each element of set B. 


Solution Your solution 
= (12 

—0=0 Zero is neither positive 

—(4) = -4 nor negative. 


Example 5 You Try It 5 
Given C = {—17, 0, 14}, find the absolute Given D = {—37, 0, 29}, find the absolute 
value of each element of set C. value of each element of set D. 


ee Your solution 
=F) = 7 

|o| = 0 

|14| = 14 


Solutions on p. S1 
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1.1 Exercises 
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Objective A 


Place the correct symbol, < or >, between the two numbers. 


1. 8 =@ 2. —14 16 5 2 

6. —42 27 dct eo 8. -17 
Answer True or False. 

iil, =e 7 =) S 2 (334122 — 
16. —44>-21 17. -—4> —-—120 18: 0+ =8 


1 4,935,128 Sen 19 

0 Doe ee tO LOS 2 ees 

Bul 14 Oe 1325 5 
19.9 1 20.5 -10:= 10 


For Exercises 21-26, use the roster method to write the set. 


21. 


23. 


ZD: 


Ze 


29. 


a1, 


33. 


55, 


the natural numbers less than 9 


the positive integers less than or equal to 8 


the negative integers greater than —7 


Given A = {—7, 0, 2,5}, which elements 
of set A are greater than 2? 


Given D = {—23, —18, —8, 0}, which ele- 
ments of set D are less than —8? 


Given E = {—35, —13, 21, 37}, which ele- 
ments of set E are greater than —10? 


Given B = {—52, —46, 0, 39, 58}, which 
elements of set B are less than or equal 
to 0? 


Given C = {—23, -17, 0,4, 29}, which 
elements of set C are greater than or 
equal to —17? 


223 


24. 


26. 


28. 


30. 


32; 


34. 


36. 


the natural numbers less than or equal to 6 


the positive integers less than 4 


the negative integers greater than or equal 
(Kop — 5) 


Given B = {-8, 0, 7, 15}, which elements of 
set B are greater than 7? 


Given C = {—33, —24, —10, 0}, which ele- 
ments of set C are less than —10? 


Given F = {—27, —14, 14,27}, which ele- 
ments of set F are greater than —15? 


Given A = {—12, —9, 0, 12, 34}, which ele- 
ments of set A are greater than or equal to 0? 


Given D = {—31, —12, 0, 11, 45}, which ele- 
ments of set D are less than or equal to —12? 
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37. Given that set A is the positive integers 38. Given that set B is the positive integers less 
less than 10, which elements of set A are than or equal to 12, which elements of set B 
greater than or equal to 5? are greater than 6? 

39. Given that set D is the negative integers 40. Given that set C is the negative integers 
greater than or equal to —10, which ele- greater than —8, which elements of set C are 
ments of set D are less than —4? less than or equal to —3? 

Objective B 


Find the additive inverse. 


41. 4 42. 8 43. -9 44. -—28 45. -—36 
Evaluate. 

46. —(-14) 47. —(—40) 48. —(77) 49. —(39) 50. —(—13) 
51. |-74| 52. |—96| 53.0] 32) 547 |-53 55. —|81| 


Place the correct symbol, < or >, between the values of the two numbers. 


56. |—83| |58| S7een22) 19] 58. |43| |-52| 592 -|-71| 92) 
60. |—68| |-42| 6121231) 62. |-45| |-61| 63. |—28| 43] 
64. Given A = {—8, —5, —2, 1, 3} find 65. Given B= {ella nice 
a. the opposite of each element of set A a. the opposite of each element of set B 
b. the absolute value of each element of b. the absolute value of each element of 
set A set B 


APPLYING THE CONCEPTS 
66. Ifx represents a negative integer, then —x represents a 


integer. 


67. Ifx is an integer, is the inequality |x| < —3 always true, sometimes true, 
or never true? 


68. In your own words, explain the meaning of the absolute value of a num- 
VA ber and the additive inverse of a number. 
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Objective A 
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Addition and Subtraction 
of Integers 


— ———, 
Eu 


DT OPM ANIEDO ONS cree ey das eir cue sera siths eevee ta ae ao shea ge CEB) ({2}) 


A number can be represented anywhere along the number line by an arrow. A 
positive number is represented by an arrow pointing to the right, and a negative 
number is represented by an arrow pointing to the left. The size of the number 
is represented by the length of the arrow. 


+5 —4 
SS SS 
SS a a a aes 


Addition is the process of finding the total of two numbers. The numbers being 
added are called addends. The total is called the sum. Addition of integers can 
be shown on the number line. To add integers, start at zero and draw an arrow 
representing the first number. At the tip of the first arrow, draw a second arrow 
representing the second number. The sum is below the tip of the second arrow. 


+4 1 
| aaa a 
4+2=6 cas 
=] —6.—5; —4 —3) =2— 1) 08 see eer On a7. 
2%) yi 
—————_—__—————4 
4+(-2)=—-6 ee ee eee 
=O — SiS ee (a ee 7, 
=A 
nel 
+2 
-44+2=-2 Se 
ee es 
—/ —6 —5 -—4 -3 —2 -1 0 1 2 3 4 5. 6 7 
+4 
JH ee 
4+(-2)=2 eA 


The pattern for addition shown on the number lines above is summarized in the 
following rules for adding integers. 


Addition of Integers 


To add two numbers with the same sign, add the absolute values 
of the numbers. Then attach the sign of the addends. 


To add two numbers with different signs, find the absolute value 
of each number. Subtract the smaller of the two numbers from the 
larger. Then attach the sign of the number with the larger 
absolute value. 
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= Add: —12 + (—26) 


—12 + (—26) = —38 © The signs are the same. Add the 
absolute values of the numbers 
(12 + 26)..Attach the sign of the 
addends. 


m Add: -—19 + 8 


|-19| = 19 ® The signs are different. Find the 
absolute value of each number. 


|3| = 8 

19 8 = 11 ® Subtract the smaller number from 
the larger. 

Ne Sit =e — alll e Attach the sign of the number with 


the larger absolute value. Because 
|—19| > |8|, use the sign of —19. 


mp Add: —23 +47 +(]18) + (—5) 


TAKE NOTE 23 ae (Gye) ® To add more than two numbers, add 
Ta ie eure On bone Ae = 18 ees) the first two cumbers. Then add the 
boxed examples in this text, = 6+ (5) until all the numbers are added. 


such as the one below. 


=i 


Example 1 You Try It 1 
Add —52 (39) Add: 100 + (—43) 


Solution Your solution 
Sy Sal) eh 


Example 2 You Try It 2 


Add: 37 + (—52) + (=21) + (—7) Add: —51 + 42 + 17 + (—102) 
Solution Your solution 
31 (Go? ea (2 ie (7) 

et) 


Solutions on p. S1 


Objective B_ To subtract integers .............. CEB) | (@) — 
CO ee ee ee 
Look at the two expressions below and note that each expression equals the same 
number. 


8 = 3 =5) .8iminus iis: 
8 + (-3)=5 8 plus the opposite of 3 is 5. 


This example suggests that to subtract two numbers, we add the opposite of the 
second number to the first number. 
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First second First the opposite of the 
- = + 
number number number second number 


JO Coe = AQs# a (—60) = 20 
240 = 60 =| =40° + (—60) = —100 
—40-— (-60) = —40- + 60 = 20 

40 — (-60) = 40 + 60 = 100 


mm Subtract: —21 — (—40) 
Change this sign to plus. 


= 21 SG A0) 9-2 140 = 19 ® Rewrite each subtraction as addition 
See of the opposite. Then add. 


Change —40 to the 
opposite of —40. 


=> Subtract: 15 — 51 


Change this sign to plus. 


ee eae 


15°51 =—15 + (—5 1) =] 36 @ Rewrite each subtraction as addition 
of the opposite. Then add. 


Change 51 to the 
opposite of 51. 


= Subtract: —12 — (—21) — 15 


ea? oe ye ee let (ae) ® Rewrite each subtraction as addition 
of the opposite. Then add. 
= 9 +(—15) 
= —6 


Example 3 Subtract: —11 — 15 You Try It3) Subtract: 19 — (—32) 


Solution —11 — 15 = —11 + (—15) Your solution 
= = 6 


Example 4 Subtract: You Try it4 Subtract: 
14 18)— (S21) =4 Or (12) 


Solution 18 = (—21) =4 Your solution 
= —14 + (-18) + 21 + (-4) 
—32 + 21 + (-—4) 
—{1 + (-4) 
= = 1/5 


Solutions on p. S1 
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————a s 


Objective C To solve application probleMs .......::c:ccieierieies (Cy (23) 


Positive and negative numbers are used to express the profitability of a company. 
A profit is recorded as a positive number; a loss is recorded as a negative 
number. 1 | 


= ¢ The bar graph below shows the net earnings or loss for Chrysler Corpo- 
ration for the years 1992 to 1996. Calculate the total net earnings for 
Chrysler Corporation for the years 1992 to 1994. 


% 
% 
4000 ro ha 


3000 
2000 


1000 } 


(in millions of dollars) 


| 
i 
So 
S 
o 


| 
N 
S 
iS 
S 


Chrysler Corporation’s net earnings/loss 


—3000 ye 


Source: Chrysler Corporation’s 1996 Report to Shareholders 


Strategy 
To determine the total net earnings, add the profits and losses for the years 
1992, 1993, and 1994. 


Solution 
723 (255 ))e 3 Si O62 6a eS 
1885 


The total net earnings for 1992 to 1994 were $1885 million. 


I 


Example 5 You Try It 5 

The average temperature on Mercury's sunlit Mar’s average daytime temperature is 

side is 950°F. The average temperature on —17°F. Mar’s average nighttime temperature 
Mercury's dark side is —346°F. Find the is —130°F. Find the difference between these 
difference between these two average two average temperatures. 

temperatures. 


Strategy Your strategy 
To find the difference, subtract the average 
temperature on the dark side (—346) from 


the average temperature on the sunlit side 
(950). 


Solution Your solution 
950 — (—346) = 950 + 346 
= 1296 
The difference between these average 
temperatures is 1296°F. 
Solution on p. S1 
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1.2 Exercises 
A Or ML OU OMEN s Leh ote tat iso Pete Se) bistro el il fee iet ney ca tai) lesa Herman Wel Mic ope oeeriice: Basi Ei Se: ew cere ee he 8 TAKE NOTE 


13. 


17. 


19. 


PANG 


ae 


23; 


27. 


29. 


31. 


Doe 


Objective A 
14 (38) 2. 
5) se (a) 6. 
Loe (— 16) 10. 


Sil ae (=e) Sea) ie 


Teradata (ee) 


eet 20 2: ta 18) 


—6 + (-9) 


SWS Ae) 


a ifort AT. 


13F 62-- (38) 


plore (lid Jets (18) s-1 110 


26 (215) + (11) # (12) 


—17 + (—18) +45 + (—10) 


AG + (—17) + (—13) + (—50) 


~14 + (-15) + (-11) + 40 


ee 22) (= 21) eo 


72 + (—22) + (-14) + (-9) 
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11. 


ie 


18. 


20. 


22% 


24. 


26. 


28. 


30. 


32. 


34. 


13 


“To the Student” on page xix 
discusses the exercise sets in 
this textbook. 


Ort Oe ee Nari 
See (28) So 2 1) 
437 (=33) 12 al Oca) 


—3 + (-—8) +12 16. -—27 + (—42) + (—18) 


gel A lea) elt (21) 


6 (29) ee) 


Oa (ol eee tern LD 


—32 + 40 + (—8) + (-19) 


23 + (—15) + 9 + (-15) 


Sy SS se (nay ae eas) 


aed a ARS) ae) se 1) 


Soe oe (eal ©) (al) 


a2 ea (7) Orr 2 
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Objective B 
Subtract. 
BS. le = & 
39. -7-—2 
43. —6 — (—3) 


47, -4-3-2 


SO7E = 1221-9)" 15) 


53. —17 - (-8) - (-9) 


56., 42 = (=82) =635.=7 


Soe —47-— (67) 5 wo 


62. 438 = 19 = 295 51 


36. 


40. 


44. 


(23 ey eae 
=O 94 41. 7 = (2) 
eA) 45. 6 — (-12) 
4gen4 SeI7 49. 
eh ae) ee) = Tee 52. 
Annie 8 (=) 55. 
Wi ihe ah) Sia ae 58. 
60) 18: = 49 = (84) = 27 61. 
634-21, C14) 3 0 64. 


38. 6-9 
42 ee 
46. 1216 
12> (Gye 
3 oe 


=30 =" 65) 2 ee 


42: =) (530) = 65-3 


19° — 17 = 36 


t= (17) = 14 24 
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me ee ete eee 


Objective C_ Application Problems 


65. The temperature at which mercury boils is 360°C. Mercury freezes at 
—39°C. Find the difference between the temperature at which mercury 
boils and the temperature at which it freezes. 


66. The temperature at which radon boils is —62°C. Radon freezes at 
—71°C. Find the difference between the temperature at which radon 
boils and the temperature at which it freezes. 


The elevation, or height, of places on the earth is measured in relation to sea 
level, or the average level of the ocean’s surface. The table below shows 
height above sea level as a positive number and depth below sea level as a 
negative number. Use the table for Exercises 67 to 70. 


Wet 


AM ag ieatta _ Highest Elevation — Lowest Elevation - 
ON A a a sarehers) orto ri (in meters) 
Mt. Kilimanjaro 5895. — Qattara Depression =133 
Mt. Everest — - 8848 . DeadSea —400 
ie oust laisiwath ly t5OS4s".) as Gaspianiseas tei | ee 28: 
Mt. Aconcagua = 6960—Ss~dDeath Valley = 86 


67. Find the difference in elevation between Mt. Aconcagua and Death 
I Valley. 


68. What is the difference in elevation between Mt. Kilimanjaro and the 
P. Qattara Depression? 
Nd 


69. For which continent shown is the difference between the highest and 
lowest elevations greatest? 


70. For which continent shown is the difference between the highest and 
PB. lowest elevations smallest? 


The table at the right shows the boiling point and the melting — Chemical Boiling Melting 


point in degrees Celsius of three chemical elements. Use this table Element — Point Point 
for Exercises 71 and 72. Carbon ; 4827 355 

Radon  ~—62 PPA 1 
71. Find the difference between the boiling point and the melt- = Xenon 107 S11 


¢ ing point of carbon. 


72. Find the difference between the boiling point and the melt- 
¢ ing point of xenon. 


16 
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The graph at the right shows the net income or loss 500 


for US Airways for the years 1991 to 1996. Use this 
graph for Exercises 73 to 75. 


1992 1993 1994 


73. Determine the total net loss for US Airways 
¢ for the years 1994 to 1996. 


Calculate the total net loss for US Airways for 


74. 
¢ the years 1991 to 1996. ~1000 


US Airways’s net income/loss (in millions of dollars) 
| 
uw 
r=) 
5S 


75. Find the difference between the net losses in -1500 ame 
¢ 1994 and in 1992. Sources: Transportation Department, US Airways 


A meteorologist may report a wind-chill temperature. This is the equivalent 
temperature, including the effects of wind and temperature, that a person 
would feel in calm air conditions. The table below gives the wind-chill tem- 
perature for various wind speeds and temperature. For instance, when the 
temperature is 5°F and the wind is blowing at 15 mph, the wind-chill tem- 
perature is —25°F. Use this table for Exercises 76 and 77. 


76. When the thermometer reading is —5°F, what is the difference between 


¢ the wind-chill factor when the wind is blowing 10 mph and when the 
wind is blowing 30 mph? 


When the thermometer reading is —20°F, what is the difference 


Ld. 
¢ between the wind-chill factor when the wind is blowing 15 mph and 
when the wind is blowing 25 mph? 


APPLYING THE CONCEPTS 


78. Ifaand b are integers, is the expression |a + b| = |a| + |b| always true, 
sometimes true, or never true? 


79. Is the difference between two integers always smaller than either one of 
the numbers in the difference? If not, give an example for which the dif- 
ference between two integers is greater than either integer. 
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1 _ Multiplication and Division 
° of Integers 


Objective A To multiply i La 

j UITAILY SILO GELS Scere sects Seti eet Main Heersaacivbcatiiscsievodess (Ch) ((2}) 

POINT OF INTEREST Several different symbols are used to indicate multiplica- 3X2=6 

Ee ae tion. The numbers being multiplied are called factors; for 3-2=6 

as a symbol for multiplication instance, 3 and 2 are factors in each of the examples at the (3)(2) =6 
. si . P . v 

in 1631 in a book titled The Key right. The result is called the product. Note that when 5(2) 16 

to Mathematics. Also in that parentheses are used and there is no arithmetic symbol, the (3)2=6 


year, another book, Practice of 
the Analytical Art, advocated 
the use of a dot to indicate 
multiplication. Multiplication is repeated addition of the same number. The product 3 x 5 is 


shown on the number line below. 


operation is multiplication. 


5 5 5 5 is added 3 times. 
[$i 
SSS SS SS a eee 3505 = 5 25 5 = 15 


One wees y 4s OMe eercn Oe vlO ett 2eiSa 14: 15 


Now consider the product of a positive and a negative number. 


—5 is added 3 times. 


S(Ge5) (= 5) Re (3 EPA 5) 15 


This suggests that the product of a positive number and a negative number is 
negative. Here are a few more examples. 


4(—7) = —28 —6-/ = —42 (—8)7 = —56 
To find the product of two nega- These numbers These numbers 
tive numbers, look at the pattern decrease by 1. | v increase by 5. 
= a ils 


at the right. As —5 multiplies a 


sequence of decreasing integers, Oe 
the products increase by 5. ee Bae) 
—-5 Xx 0=0 
The pattern can be continued by —5 x (-1)=5 
requiring that the product of two =5e(=2) = 10 
negative numbers be positive. =5 % (=3) = 15 


Multiplication of Integers 


To multiply two numbers with the same sign, multiply the 
absolute values of the numbers. The product is positive. 


To multiply two numbers with different signs, multiply the 
absolute values of the number. The product is negative. 
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«> Multiply: —2(5)(—7)(—4) 


256) 7) 4) = ee) © To multiply more than two numbers, - 
Itiply the first two. Then multiply 
= 70(—4) = —280 alti 
ue the product by the third number. 
Continue until all the numbers are 


multiplied. 
Consider the products shown (—3)(—5) = 15 
at the right. Note that when (—2)(—5)(—6) = —60 
there is an even number of (=4) (—3)(—5)(—7) = 420 
negative factors, the product is (—3)(—3)(—5)(—4)(—5) = —900 
positive. When there is an odd (—6)(—3)(—4) (—2) (—10)(—5) = 7200 


number of negative factors, 
the product is negative. 


This idea can be summarized by the following useful rule: The product of an 
even number of negative factors is positive; the product of an odd 
number of negative factors is negative. 


Example 1 Multiply: (—3)4(—5) You Try It1 Multiply: 8(—9)10 
Solution (—3)4(—5) = (—12)(—5) = 60 Your solution 


Example 2 Multiply: 12(—4)(—3)(—5) You Try It2 Multiply: (—2)3(—8)7 


Solution 12(—4)(—3)(—5) = (—48)(—3)(—5) Your solution 
= 144(-5) = ~720 


Solutions on p. S1 


Objective B — To divide integers ................0.... Ce) | (ea) = 
PPP eee eee eee e ee ee eee ee eee ee ee eee ee ey 
For every division problem there is a related multiplication problem. 
8 
AS because 4-2=8. 
division related multiplication 


This fact and the rules for multiplying integers can be used to illustrate the rules 
for dividing integers. 


Note in the following examples that the quotient of two numbers with the same 
sign is positive. 


12 iil 
eaten 4 because 4 - 3 = 12. aaa 4 because 4(—3) = —12. 


The next two examples illustrate that the quotient of two numbers with different 
signs is negative. 


I aug 


=A = —4 because (—4)(—3) = 12. ie = —4..bécause (—4)3 = —12. 
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Division of Integers 


To divide two numbers with the same sign, divide the absolute 
values of the numbers. The quotient is positive. 


To divide two numbers with different signs, divide the absolute 
values of the numbers. The quotient is negative. 


m> Simplify: = 
—56 —56 
apres 1 Mii arte eek 


The properties of division are stated below. In these statements, the symbol # is 
read “is not equal to.” 


Properties of Zero and One in Division 


Ifa AD, i = 0. Zero divided by any number other than zero is zero. 
lfa~0, = 1. Any number other than zero divided by itself is one. 
A number divided by one is the number. 


= is undefined. _ Division by zero is not defined. 


The fact that = = —4, 5 4, and 2 = —4 suggests the following rule. 
If a and BD are integers, and b # 0, then ra = a; = ae 


Example 3 Divide: (—120) + (—8) You Try It3 Divide: (—135) + (—9) 


Solution (—120) + (—8) = 15 Your solution 


Example 4 You Try It 4 


Solution Your solution 


36 


Example 5 Simplify: = You Try It Simplify: -—5 


Solution (327) = 27 Your solution 


Solutions on p. SI 
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Objective Cc To solve application problems raisins Rete intel Rae erate as meee, CLD ({2}) 


In many courses, your course grade depends on the average of all your test 
scores. You compute the average by calculating the sum of all your test scores 
and then dividing that result by the number of tests. Statisticians call this aver- 
age an arithmetic mean. Besides its application to finding the average of your 
test scores, the arithmetic mean is used in many other situations. ) 


Stock market analysts calculate the moving average of a stock. This is the arith- 
metic mean of the changes in the value of a stock for a given number of days. To 
illustrate the procedure, we will calculate the 5-day moving average of a stock. In 
actual practice, a stock market analyst may use 15 days, 30 days, or some other 
number. 


The table below shows the amount of increase or decrease, in cents, in the clos- 
ing price of a stock for a 10-day period. 


To calculate the 5-day moving average of this stock, determine the average of the 
stock for days 1 through 5, days 2 through 6, days 3 through 7, and so on. 


The 5-day moving average is the list of means: —35, —60, —35, —70, —165, and 


—120. If the list tends to increase, the price of the stock is showing an upward 
trend; if it decreases, the price of the stock is showing a downward trend. These 
_ trends help an analyst recommend stocks. 


Example 6 You Try It 6 

The daily high temperatures (in degrees The daily low temperatures (in degrees 
Celsius) for six days in Anchorage, Alaska, Celsius) during one week were recorded as 
were — 14°, 3°, 0°, —8°, 2°, and —1°. Find the —6— 1, 0°, 55 —8" SI ana — iv 
average daily high temperature. Find the average daily low temperature. 


Strategy Your strategy 
To find the average daily high temperature: 


Add the six temperature readings. 
» Divide the sum by 6. 


Solution Your solution 
—14+3 +40 + (—8) +2 E1)= =I18 


-18+6=-3 


The average daily high temperature was 
EG. 


Solution on p. S1 
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1.3 Exercises 


Objective A 
Multiply. 
1. (14)3 2 mel) Bee he: 45, —8< 7 Bae (12) (5) 6:) EG-13)(9) 
eee Wh 23) oe ct) Oe Gal 4 10.5 Gel5)i2 Lo (19) 12s) 
ise 75) —3) 14, (—3)(—2)8 15: “9@7)(—4) 16. (—2)(6)(—4) 
7 aUlLol—=3)5 18. 20(—4)3 19> —4(-3)8 2058 G96 
2S 3) — 9) oy 22901 =6)(S5) 230 © 9) AS) 24. (—8)7(10) 
Zoe —2)(5)(—6) 26. - (—3)7(—2)8 27. —9(—4)(—8)©10) 29. —11(—3) (=e 2) 
29. 7(9)(—11)4 30. —12(—4)7(-2) > ie ean 4) O(a) 0 52.0 (= 13) C15) E190 
Objective B 
Divide. 
53a 2). (—0) 3401S (3) 3 ue 2) 9) 36.6 64) eS) 37. '—42 = 6 


(50) 8 
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63. 
64. 


65. 


66. 


¢€ 


67. 


68. 


Objective C Application Problems 


The high temperatures for a six-day period in Barrow, Alaska, were 
—23°F, —29°F, —21°F, —28°F, —28°F, and —27°F. Calculate the average 
daily high temperature. 


The low temperatures for a ten-day period in a midwestern city were 
—4°F, —9°F, —5°F, —2°F, 4°F, —1°F, —1°F, —2°F, —2°F, and 2°F. Calcu- 
late the average daily low temperature for this city. 


The value of a share of McDonald’s stock on April 4, 1997, was $48.50. 
The table below shows the amount of increase or decrease, to the near- 
est 25 cents, from the April 4 closing price of the stock for a 10-day 
period. Calculate the five-day moving average for this stock. 


Day 1 ae ALR innate ee Day 6 . — 7 Day 8 
PO SO MM COM Hen TERME oy yee sec 


The value of a share of Disney stock on April 4, 1997, was $72.625. The 
table below shows the amount of increase or decrease, to the nearest 25 
cents, from the April 4 closing price of the stock for a 10-day period. 
Calculate the five-day moving average for this stock. 


Day 1 Day 2 Day 3 ae 40 DES at _ Day 6 oe 7 Day8 Day 9 Se 
MOON 0. 5) ||) 28 6 es ee 


2 


To discourage random guessing on a multiple-choice exam, a professor 
assigns 5 points for a correct answer, —2 points for an incorrect answer, 
and 0 points for leaving the question blank. What is the score for a stu- 
dent who had 20 correct answers, 13 incorrect answers, and left 7 ques- 
tions blank? 


To discourage random guessing on a multiple-choice exam, a professor 
assigns 7 points for a correct answer, —3 points for an incorrect answer, 
and —1 point for leaving the question blank. What is the score for a stu- 
dent who had 17 correct answers, 8 incorrect answers, and left 2 ques- 
tions blank? 


APPLYING THE CONCEPTS 


69. 


y 


TA. 


v 


If x € {—6, —2, 7}, for which value of x does the expression —3x have 
the greatest value? 


Explain why 0 = 0 is not defined. 


If —4x equals a positive integer, is x a positive or a negative integer? 
Explain your answer. 
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Operations with Rational Numbers 


Objective A To write a rational number in simplest form 


POINT OF INTEREST 


As early as 630 A.D. the Hindu 
mathematician Brahmagupta 
wrote a fraction as one number 
over another separated 

by a space. The Arab 
mathematician al Hassar 
(around 1050 A.D.) was the first 
to show a fraction with the 
horizontal bar separating the 
numerator and denominator. 


a 
6 


AIRC AST A, CLOCHIIIAl tise. creek (3) 
seeeeeneee 


A rational number is the quotient of two integers. A rational number written in 
this way is commonly called a fraction. Here are some examples of rational 
numbers. 


Rational Numbers 


A rational number is a number that can be written in the form a 


where a and b are integers and b ¥ 0. 


Because an integer can be written as the quotient of the integer and 1, every inte- 
ger is a rational number. For instance, 


A fraction is in simplest form when there are no common factors in the numera- 
tor and the denominator. The fractions - and . are equivalent fractions because 
they represent the same part of a whole. However, the fraction is in simplest 
form because there are no common factors (other than 1) in the numerator and 


denominator. 


To write a fraction in simplest form, eliminate the common factors from the 


numerator and denominator by using the fact that 1 - ; = ms 
Z| 
feel 22g tees ee 2 
6 A — Fl 3 ee 
1 
The process of eliminating common factors is usu- 4. Ae 
ally written as shown at the right. bute ies 
1 


If you have difficulty determining the common factors, write the numerator and 
denominator in terms of prime factors. (Recall that a prime number is a number 
divisible only by itself and 1. The first ten prime numbers are 2, 3, 5, 7, 11, 13, 
17 O26, ands 29. ) 


mp Write > in simplest form. 


3 


5 


18 
30 


1 1 
2 
Pauaals 

| i} 
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TAKE NOTE 
Think of the fraction bar as 


Nt Ct 
“divided by.” 3 is 5 divided by 8. 


TAKE NOTE 

Rational numbers are fractions 
such as 2 or ~ where the 
numerator and denominator 
are integers. Rational numbers 
are also represented by 
repeating decimals, for 
instance 0.25767676..., or 
terminating decimals such as 
1.73. An irrational number is 
neither a repeating decimal nor 
a terminating decimal. For 
instance 2.45445444544445 ... is 
an irrational number. 


A number written in decimal notation is also a rational number. 


Aah 


3 
CG 1000 


three tenths 10 


forty-three thousandths 0.043 = 


A rational number written as a fraction can be written in decimal notation by 
dividing the numerator of the fraction by the denominator. Think of the fraction 
bar as meaning “divided by.” 


we Write 2 as a decimal. 


0.625 


8)5.000 


—48 


20 
ile 
40 
=40 ® Dividing the numerator by the denominator resulted in a remainder of 0. 
0) The decimal 0.625 is called a terminating decimal. 


® Divide the numerator, 5, by the denominator, 8. 


3) 
= —=10025 
8 


wt» Write < in decimal notation. 


0.3636 


11)4.0000 


Sie) 


e Divide the numerator, 4, by the denominator, 11. 


70.» No matter how long we continue to divide, the remainder is never zero. 


OO The decimal 0.36 is a repeating decimal. The bar over the 36 indicates 
4 that these digits repeat. 
BPs 
1 


Every rational number can be written as a terminating or a repeating decimal. 
Some numbers—for example, V7 and a—have decimal representations that 
never terminate or repeat. These numbers are called irrational numbers. 


V7 = 2.6457513... a= 314159200" 


The rational numbers and the irrational numbers taken together are called the 
real numbers. 
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ae : : : 
Example 1 Write 59 as a decimal. You Try It1 Write : as a decimal. Place a 


bar over the repeating digits 
of the decimal. 


f 3 
Solution 30 = 3 = 20 = OS Your solution 


Solution on p. S1 


Objective B_ To convert between percents, fractions, 


BIICE CLOGTITVB IS onic Fosse onc arose se bebed code cde owsedasedn nee 


» 


“A population growth rate of 3%,” “a manufacturer's discount of 25%,” and 
“an 8% increase in pay” are typical examples of the many ways in which percent 
is used in applied problems. Percent means “parts of 100.” Thus 27% means 
27 parts of 100. 


In applied problems involving a percent, it may be necessary to rewrite a percent 
as a fraction or decimal, or to rewrite a fraction or decimal as a percent. 


To write a percent as a fraction, remove the percent sign and multiply by oe 
Dn |e oe 

: 100/100 
To write a percent as a decimal, remove the percent sign and multiply by 0.01. 


33% 0.01) 0.33 


Move the decimal point two places to 
the left. Then remove the percent sign. 


A fraction or decimal can be written as a percent by multiplying by 100%. For 


example, = is changed to a percent as follows. 


Sue 500 1 
ae g (100%) os % = 62.5%, or 625% 
To write a decimal as a percent, multiply by 100%. 
0.82 = 0.82(100%) = 82% 
gE Move the decimal point two places to a 
the right. Then write the percent sign. 


Example 2 - You Try It 2 
Write 130% as a fraction and as a decimal. Write 125% as a fraction and as a decimal. 


Solution Your solution 
1 130 7m 13 


100/ 100 10 
130% = 130(0.01) = 1.30 


130% = 130( 5 = 


Solution on p. S/ 
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Example 3 You Try It 3 


: 2 , 
Write 335% as a fraction. Write 165% as a fraction. 


Solution Your solution 
3310 332 1 100 1 i 1 
one 3.1400 SaELOO James 


Example 4 You Try It 4 


é : 9 
Write ° as a percent. Write 76 2S a percent. 


Solution Your solution 


5 500 1 
—_— 0 = eee) = 3—-% 
6 (100 Yo) 6 Yo = 82 5 


Example 5 You Try It 5 
Write 0.027 as a percent. Write 0.043 as a percent. 


Solution Your solution 
0.027 = 0.027(100%) = 2.7% 
Solutions on p. S1 


Objective C To add or subtract rational NUMBES ........0...cccccccc cece eee e cence etennenneeee CE) | 


Four of the 8 squares have dark shading. 

This is = 

the 8 squares have light shading. This 

3 
8 I 

8 squares, or ae of the entire rectangle 


‘is shaded. 


of the entire rectangle. Three of ——— 4 ees me = oe 


is = of the entire rectangle. So 7 of the 


Addition of Fractions 


To add two fractions with the same denominator, add the numera- 
tors and place the sum over the common denominator. 


ay ae Io 


To add fractions with different denominators, first rewrite the fractions as equiv- 
alent fractions with a common denominator. Then add the fractions. The com- 
mon denominator is the least common multiple (LCM) of the denominators. 
This is the smallest number that is a multiple of each of the denominators. It can 
be found by first writing each denominator as a product of prime factors. The 
LCM must contain the factors of each denominator. 


6) = 2» 3 Factors of 10 
— >| 
1O= 25 LOM = 2.4.3)53 =350 


jiaaaea| 
Factors of 6 
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TAKE NOTE 


The least common multiple of 
the denominators is frequently 
called the least common 
denominator (LCD). 


Example 6 


5 
Subtract: Te 


if 


40 


Solution 
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mes 
wi Add: raat 


The LCM of 6 and 10 is 30. Rewrite each fraction as an equivalent fraction 
with a denominator of 30. Then add the fractions. 

Oy cts a OP Reg PaaS 

or 1@ 30 =30 30 30 15 


To subtract fractions with the same denominator, subtract the numerators and 
place the difference over the common denominator. 


mi Subtract: es (-4) 
9 i 


The LCM of 9 and 12 is 36. Rewrite each fraction as an equivalent fraction 
with a denominator of 36. Then subtract the fractions. 


4 7\ 16 | (.21\s = loe(sai) W164 21 5 
36 36 36 36 


To add or subtract decimals, write the numbers so that the decimal points are 
in a vertical line. Then proceed as in the addition or subtraction of integers. 
Write the decimal point in the answer directly below the decimal points in 
the problem. 


op Add: —114.039 + 84.76 


114.039 ® The signs are different. Find the difference 
— 84.76 between the absolute values of the numbers. 
29.279 |—114.039| = 114.039; |84.76| = 84.76 


—114.039 + 84.76 ® Attach the sign of the number with the larger 
= —29.279 absolute value. Because |—114.039| > |84.76|, use 
the sign of —114.039. 


You Try It 6 
11 


5 
Subtract: yo ee 


Your solution 


The LCM of 16 and 40 is 80. 


We b.25 


40 80 


Example 7 


Simplify: -: + 


Solution 


1 


6 


14 


80 


25-14 11 
80 80 


You Try It 7 


5 ey te oe 
- Simplify: ; 


Your solution 


The LCM of 4, 6, and 8 is 24. 


18 


4 1s) 


24 


24 «24 


cl tee es a I) 


24 


Solutions on p. S2 


28 Chapter 1 / Real Numbers 


Example 8 Subtract: 42.987 — 98.61 You Try It8 Subtract: 16.127 — 67.91 


Solution 42.987 — 98.61 Your solution 


= 42.987 + (— 98.61) 


= —55.623 
Solution on p. S2 


Objective D To multiply or divide rational NUMDbEYS .........::ccccerr eens '(e) | 


The product of two fractions is the product of the numerators divided by the 
product of the denominators. 


ene 

«> Multiply: er 
3 i 3.0 {12 
= xX SS = ® Multiply the numerators. 
SO Sa soni: 


Multiply the denominators. 


_ @ Divide by the common factors. 


The reciprocal of a fraction is the fraction with the numerator and denomina- 
P : > oe SS : 5 
tor interchanged. For instance, the reciprocal of AIS and the reciprocal of — 5 


is -2. To divide fractions, multiply by the reciprocal of the divisor. 


SDVaie ae eee 
TAKE NOTE i> Divide: fe ( 38) 
The method for dividing 
fractions is sometimes stated, 2 os ls, Ban 3 an 18 ee & 4 25 en 3°25 © The signs are 
“To divide fractions, invert the 10 D5 10 25 (1) 10-18 . 
divisor and then multiply.” different. The 
Inverting the divisor means ; ee ie quotient is 
writing its reciprocal. ——— 5:3°5 Eves negative. 

Dee Die OS 1. 
1 1 


To multiply decimals, multiply as with integers. Write the decimal point in the 
product so that the number of decimal places in the product equals the sum of 
the number of decimal places in the factors. 


=» Multiply: —6.89 x 0.00035 


6.89 2 decimal places 
x 0.00035 5 decimal places _» Multiply the absolute values. 
3445 
2067 
0.0024115 7 decimal places 


—6.89 X 0.00035 = —0.0024115 ® The signs are different. The product is negative. 


To divide decimals, move the decimal point in the divisor to the right so that it 
becomes a whole number. Move the decimal point in the dividend the same num- 
ber of places to the right. Place the decimal point in the quotient directly over the 
decimal point in the dividend. Then divide as with whole numbers. 
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TAKE NOTE 


The symbol ~ is used to 

indicate that the quotient is an 

approximate value that has 0. 
been rounded off. —108 


Example 9 


Solution 
The product is negative. 


-(2-3)=- 


2 
5 


28) 
aps) 
Example 10 


Divide: ; + ( al 


Solution 
The quotient is positive. 


Example 11 
Multiply: —4.29 x 8.2 


Solution 
Multiply the absolute values. 
The product is negative. 


—4.29.X 82 = —35.178 


Example 12 
Divide: —0.0792 + (—0.42) 
Round to the nearest hundredth. 


Solution 
Divide the absolute values. 
The quotient is positive. 


=()0792 = (—0.42) = 0.19 
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> Divide: 1.32 + 0.27. Round to the nearest tenth. 


* Move the decimal point 2 places to the right 
in the divisor and then in the dividend. Place 
the decimal point in the quotient directly 
over the decimal point in the dividend. 


You Try It 9 
bah eae 
Multiply: 5 ( 


Your solution 


You Try It 10 
AE Pee hae 
Divide: a ( x) 


Your solution 


You Try It 11 
Multiply: —5.44 x 3.8 


Your solution 


You Try It 12 
Divide: —0.394 + 1.7 
Round to the nearest hundredth. 


Your solution 


29 


Solutions on p, $2 
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Objective E To solve application problems ..........:::ccccccecsrcerserertsees CER) (ee) 


One of the applications of percent is to express a portion of a total as a percent. 
For instance, a recent survey of 450 mall shoppers found that 270 preferred the 
mall closest to their home even though it did not have the same store variety as 
a mall farther from home. The percent of shoppers who preferred the mall 
closest to home can be found by converting a fraction to a percent. 


Portion preferring mall closest to home _ 270 


Total number surveyed ~ 450 


= 0.60 = 60% 


According to the Congressional Budget Office, the U.S. federal budget deficit in 
1996 was $107.3 billion. The number 107.3 billion means 


107.3 X 1,000,000,000 = 107,300,000,000 
—__. - —_ 
1 billion 


Numbers such as 107.3 billion are used in many instances because they are easy 
to read and offer an approximation to the actual number. Such numbers are used 
in Example 13 and You Try It 13. 


Example 13 You Try It 13 

py. The actual and projected spending for The circle graph below shows the 

» software, equipment, and services for ~ breakdown of the population of the 

intranets is shown in the bar graph below. United States by generation. What percent 

Find the difference between expenditures in of the population of the United States is in 

2000 and in 1998. the baby-boomer generation? Round to the 
nearest percent. 


30- 


Born after ’76 ses Born before ’46 
72.4 million ee si 2 68.3 million 


N 
So 


Intranet spending 
(in billions of dollars) 


1995, 1996 1997, 19981999) 2000 ae xi . ; nite we 
Source: Killen & Associates Born ‘65-76 IVE Sane Vih Chae yieur ga Uta Born ‘46-64 
44.6 million eR arse 77.6 million 


Source: Data from U.S. Census Bureau 
Strategy Your strategy 
To find the difference, subtract the 


expenditures in 1998 ($11.2 billion) from 
those in 2000 ($20.1 billion). 


Solution Your solution 
AQ = i = So 


The difference is $8.9 billion. 


Solution on p. S2 
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1 4 Exercises | 


Objective A 


Write each fraction in simplest form. 


7d 10 8 8 50 
19 es: = pa a: 
21 U5) 3 22 : 60 ; is) 
20 12 36 0 2 
C.me pa Pes ss ae 
44 a 8 9 2 36 oe 18 
60 14 44 iI) 25 

° See ° aa . ree ° aoe 1 A Fe 
“4 100 oS 45 1 60 as a! 2 46 


Write as a decimal. Place a bar over the repeating digits of a repeating decimal. 


1 5 1 7 
. rc ._ > 18. — 19. — 20. — 
16 5 17 6 8 6 3 : 
2 8 5 i 11 
= = 5 = 24 25. — 
ok 9 de 9 oe 11 12 12 
9 KS % iF 1 
— ._ .— 29. — 30. — 
2 16 7 16 28 18 18 20 
Objective B 
Write as a fraction and a decimal. 
31. 75% 32. 40% 33. 64% 34. 88% 35. 125% 
36. 160% 37. 19% 38. 87% 39. 5% 40. 8% 
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Write as a fraction. 


1 2 ib ee | KEP 
~ = = . 37> . 662% 
41. 115% 42. 42% 43. 125% 44. 375% 45. 665% 


1 1 1 3 
eo =O = 6 ; 26 ’ = 
46. a? 47. Yo 48. 67 Yo 49 835, Yo 50 34 0 


Write as a decimal. 


S15) 4.3% D2 nonlio 53. 15.8% 54. 16.7% 55. (0:37 
56. 0.9% Sis 9:9% 58. 9.15% 59st 52% 60. 18:23% 


Write as a percent. 


61. 0.15 G20 37, 63. 0.05 64. 0.02 65. 0.175 
66. 0.125 67. 1.15 68. 1.36 69. 0.008 70. 0.004 
Dl 83 1 3 5 
71. — 72. — — _— — 
50 . 100 ch oe Lara oar 
4 Fi 9 2 1 
76. — 77. = 78. — . 1 = 
5 5 a 79. 1 : 80. 2 5 
z| 
z | 
‘ 
= 
Objective C é 
B 
Simplify. E 
a 8 = 
Lees ens 1 5 a 
81) iS 82. —+=— 83.0 eee aS See 
on Hie eae BOE Bas 9” 27. Sahl 
3 | 
5 | 
So 
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85. 


89. 


93. 


97. 


101. 


105. 


109. 


113. 


116. 


7.56 + 0.462 


0922 0.9 


—3.87 + 8.546 


86. 


90. 


98. 


102. 


106. 


110. 


meridia he 20 


NOOR One 


247350 


1145 56:9027 = 17.692 


1M Iie 
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87. 


1% 


95. 


107. 


103. 


6 17 
a + oe 
153 9226 


il oS 
ic 


527 ee One 


Sena GPAs) 


VO) Sl eee (PA eV ae be) 


co|~NI 


115. 


118. 


88. 


OZ. 


96. 


100. 


104. 


108. 


112. 


Cole 
pa 
NO 
NR 


eile) = oR hC) 


= 6:927 20.925 


209 O12 


SOON il Oma EN AI 
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11928164 Ge3.09) = 7-93 120. —3.09 — 4.6 — (—27.3) 121. 256 —=@466).— 62 

1225-034 435) 3s 123. 75] 2s C0) 124, 238 = (3.44) ze 
Objective D 

Simplify. 


Be) as 3x(-a) un. (-2)(-4) 
ws (-2)(-a) wm. -3(6) 80 (-75) 
8h (a) =m (i)Ca)C3) 9 a()C4) 


3 i 5 3 ag As 
ey SS 135 eo ee , a 
or 6 (-3) 130 5 te ee 
7A jin 15 3 
Ii, ===> j 138. —-+-— . o> ee 
Seoul 10° 5 ems (-3) 
l 5 4 2 6 4 
8 ea 9 (-2) ia Saline fi 
5 | 
143. 1.2(3.47) 144, (—0.8)6.2 145. (—1.89)(—233) 4] 
oO} 
146. (6.9)(—4.2) 147. 1.06(—3.8) 148. =2:7(=3)5) a| 
: 
149, 1.2(—0.5)(3.7) 150. —2.4(6.1)(0.9) 151. 2.3(—0.6)(0.8) = 
| 
8 
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1D 2. el 2, 0555)(1.9) 153. 0.44(—2.3)(—0.5) 15 45053.4(42241) (05) 


155. 


1.8(0.33) (—0.4) 156. 4.5(—0.22)(—0.8) 57a 2470.09 


Simplify. Round to the nearest hundredth. 


POs 1 2181 (— 1,7) 159 07E 1-35) 160. 0.0976 = 0.042 

161. —6.904 = 1.35 162,727.894 =)(— 2.06) 163. —354.2086 + 0.1719 
Objective E Application Problems 

164. Whena U.S. company does business with another 


166. 


country, it is necessary to convert U.S. currency 

into the currency of the other country. These 

exchange rates are determined by various factors. 

The exchange rates for some currencies during 

one day in July 1997 are shown in the table at the 

right. 

a. If you sold goods worth 1.2 million U.S. dollars 
to France, how many French francs would you 
Geceiver 

b. How many U.S. dollars, to the nearest cent, are 
equivalent to 1 Libyan dinar? 


The circle graph at the right shows the sources of 
donations to social causes. What percent of the 
total is contributed by corporations? Round to the 
nearest percent. 


The table below shows the first-quarter profits 
and losses for 1997 for three companies in the 
toy industry. Profits are shown as positive num- 
bers; losses are shown as negative numbers. One- 
quarter of a year is three months. 


Giving, by Source (in billions of dollars) 


Corporations $7.4 
Bequests $9.8 


Foundations $10.4 


Source: Giving USA, 1996, AAFRC Trust for Philanthropy 


a. If earnings were to continue throughout the year at the same level, 
what would the annual earnings or losses be for Mattel, Inc.? 


b. For the quarter shown, what was the average monthly profit or loss 


for Acclaim Entertainment? 


Toy Company First Quarter 1997 Profits 
~16.842 million 
25.694 million 
—204.624 million 


Source: The Wall Street Journal, May 5, 1997 
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167. 
P. 


168. 


Movies made in the United States that are not Box-Office Grosses (in millions of dollars) 


blockbusters in this country may make consid- 

erable money abroad. At the right is a table Film 

showing five films and their box-office grosses, 

in millions of dollars, at home and in foreign 
countries. 

a. What percent of Waterworld’s total gross 
was from foreign countries? Round to the 
nearest percent. 

b. What percent of Judge Dredd’s total gross source: Time Magazine, July 7, 1997 
here and abroad was its U.S. box-office 
gross? Round to the nearest percent. 

c. Which of the films listed grossed more than 
half their box-office income in foreign 
countries? 


According to the Federal Highway Administration, the average car is 
driven approximately 10,300 mi per year and uses approximately 495 
gal of gas. Assuming that the average cost of gasoline is $1.097 per gal- 
lon, which includes $.443 for all taxes, and that there are 1.53 million 
cars on the road, determine how much total tax is paid for gasoline in 
one year. (You may not need all the data given in this problem.) 


APPLYING THE CONCEPTS 


169. 


i772. 


173. 


A magic square is one in which the numbers in every row, column, and 
diagonal sum to the same number. Complete the magic square at the 
right. 


If a and b are rational numbers and a < 5, is it always possible to find 
a rational number c such that a <c < b? If not, explain why. If so, 
show how to find one. 


For each part below, find a rational number r that satisfies the con- 
dition. 
Bs Ge RP SAI ie = Cone S57 


In a survey of consumers, approximately 43% said they would be will- 
ing to pay between $1000 and $2000 more for a new car if the car had 
an EPA rating of 80 mpg. If your car now gets 28 mpg and you drive 
approximately 10,000 mi per year, in how many months would your 
savings on gasoline pay for the increased cost of such a car? Assume 
the average cost for gasoline is $1.06 per gallon. 


Find three different natural numbers a, b, andc such that + + + + Lis 
a natural number. abe 


U.S. 


34.7 
26.6 
88.2 
ball 
13.8 


Foreign: 


44.1 


30.6 


78.2 
17.6 


Onl 
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Operations Agreement 


al 5 _ Exponents and the Order of 


Objective A To evalu x; j IOUS be ee bon 
J] ate exponential expressions (Ta) CE) | 
Repeated multiplication of the same factor can be written using an exponent. 
POINT OF INTEREST Mea BB 7D Gh, GIAO AVON CROs Gesd — dem ORCI 
{conta (iS 

Rene Descartes (1596-1650) base WEBS 
was the first mathematician to 
extensively use exponential The exponent indicates how many times the factor, called the base, occurs in 
notation as itis used today. the multiplication. The multiplication 2- 2-2-2. 2 is in factored form. The 


However, for some unknown 
reason, he always used xx for 


2 


exponential expression 2° is in exponential form. 


Ge 
2' is read “2 to the first power” or just “2.” Usually the exponent 1 is not written. 
2° is read “2 to the second power” or “2 squared.” 
2° is read “2 to the third power” or “2 cubed.” 
2° is read “2 to the fourth power.” 
a’ is read “a to the fourth power.” 
There is a geometric interpretation of the first three natural-number powers. 
ee! ee (eee eee | 
4lo4 4? = 16 43 = 64 
Length 4 ft Area 16 ft? Volume 64 ft? 
To evaluate an exponential expression, write each factor as many times as indi- 
cated by the exponent. Then multiply. 
o Evaluate (—2)*. 
(=2)* = (=2)(—2)(—2)(—2) * Write —2 as a factor 4 times. 
= 16 ® Multiply. 
TAKE NOTE 
Note the difference between => Evaluate —2*. 
(—2)' and 2": ¢ : 
(—2)' = 16 a2) =(2= 2-2-2) ® Write 2 as a factor 4 times. 
a ede E16 © Multiply. 
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Example 1 Evaluate —5?. You Try It1 Evaluate —6°. 


Solution —5° = —(5°5-5)=~-—125 Your solution 


Example 2. Evaluate (—4)’*. You Try It2 Evaluate (—3)’. 


Solution (—4)* = (—4)(—4)(—4)(-4) Your solution 
= 250 


Example 3. Evaluate (—3)* - 2°. You Try It3. Evaluate (3°)(—2)?. 
Solution (—3)? - 2? = (—3)(—3) - (2)(2)(2) Your solution 
=9-8=72 


3 2 2 
Example 4 Evaluate (-3) é You Try It4 Evaluate (-2) : 


Solution Your solution 


Example 5 Evaluate —4(0.7)’. You Try It5 Evaluate —3(0.3)°. 


Solution —4(0.7)* = —4(0.7)(0.7) Your solution 


= —2.8(0.7) = —1.96 
Solutions on p. S2 


Objective B_ To use the Order of Operations Agreement to 


SUMDITY OXPlOSSIONS: 0: exccsvsuvucovssnusnsasuncotcecnenseds aesrscemeenee (Ta) (Ge) | 


Let’s evaluate 2 + 3-5. 


_ There are two arithmetic operations, addition and multiplication, in this expres- 
sion. The operations could be performed in different orders. 


Multiply first. Deoa moe | Add first. 2p oe 
SS SS 
Then add. peeve ils) Then multiply. SESS 
a ae 
17 LS 


In order to prevent more than one answer for a numerical expression, an Order 
of Operations Agreement has been established. 


The Order of Operations Agreement 


Step 1 Perform operations inside grouping symbols. Grouping 


symbols include parentheses ( ), brackets [ ], braces { }, 
and the fraction bar. 


Step 2 Simplify exponential expressions. 


Step 3 Do multiplication and division as they occur from left to 
right. 

Step 4 Do addition and subtraction as they occur from left to 
right. 
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Example 6 
Evaluate (1.75 — 1.3)? + 0.025 + 6.1. 


Solution 
(1.75 — 1.3)? + 0.025 + 6.1 
= (0.45)? + 0.025 + 6.1 
=02025—.0,025'+ 6.1 


Sl 6,1 
14.2 
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=> Evaluate 12 — 24(8 — 5) = 2?. 
(Die 2A (Or 5) 2 = 12 — 43) = 2? © Perform operations inside grouping 


symbols. 
= 12 — 24(3) + 4 ® Simplify exponential expressions. 
St 1 IIE ore © Do multiplication and division as 
they occur from left to right. 
2 ls 
=-—6 © Do addition and subtraction as they 


occur from left to right. 


One or more of the above steps may not be needed to evaluate an expression. In 
that case, proceed to the next step in the Order of Operations Agreement. 


=> Evaluate —~* — (3 — 1) +2. 
Daal 
4+8 12 . 
et Ee Z=—A)+42= oe Dee? * Perform operations above and below 
the fraction bar and inside parentheses. 
= ® Do multiplication and division as 
they occur from left to right. 
=2+2 ® Do addition and subtraction as they 
occur from left to right. 
=4 


When an expression has grouping symbols inside grouping symbols, perform the 
operations inside the inner grouping symbols first. 


=> Evaluate 6 + [4 — (6 — 8)] + 2?. | 


6 + [4 — (6 — 8)] + 2? = 6 + [4 — (—2)] + 2? ® Perform operations inside 
grouping symbols. 


= Ora Or 2 

=6+76+4 ® Simplify exponential 
expressions. 

=1+4 © Do multiplication and division 
as they occur from left to right. 

=5 ® Do addition and subtraction as 


they occur from left to right. 


You Try It 6 
Evaluate (6.97 — 4.72)? - 4.5 + 0.05. 


Your solution 


Solution on p. S2 
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Example 7 


Evaluate 4 — 3/4 — 2(6 — 3)] = 2. 


Solution 

ANP Sih pd (ey SW) 2 
=A 342 S| 2 
eA 3(4— 6] 2 
= 4 —)3|—2|/= 2 
=4+6-+2 
=4+3 
= ii 


Example 8 


Evaluate 27 + (5 — 2)? + (-—3)?- 


Solution 

27 + (5 — 2)? + (-3)? - 4 
= 27 + 3? + (-3)?-4 
=27+9+9-4 
=3+9-4 
=3+ 36 
= 39 


Example 9 


Evaluate ee (2 —= 
8 5 Dy 


Solution 


en eallign Collen Colon 


iia 2 
Oln 


You Try It 7 
Evaluate 18 — 5[8 — 2(2 — 5)] + 10. 


Your solution 


You Try It 8 
Evaluate 36 + (8 — 5)* — (—3)?- 2. 


Your solution 


You Try It 9 


Evaluate 2 2 (5 = 3) + 


3 4 12. 


Your solution 


Solutions on pp. S2-S3 
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1.5 Exercises 


Objective A 
Evaluate. 
16" 2: che ee 4, -4 
1 2 

Gan (—2)° Te, AS oh (Ss) 9. B 

2 \? iD: 
140.3) 1 2e ies)? leh 5 ae 14. mg 
TGve (0/5) 35 (igh, (E23) oD ih, (5) ose 
20 2) 2): 2 lee) 385 (44) 22S) ee a0 


Dawe Ge?) 02 = -1(—=3)- 


Objective B 
Evaluate by using the Order of Operations Agreement. 
Doe 8 a 2 29, 2°:3-—3 


31. 16-32+2° 32. 24-18 +3+2 


167162. 4 


Bane 83) 35. 


37. 16-2-4 38. 27 — 18 + (37) 


30. 


33; 


36. 


39; 


15°(0:3) 22. 


19 (= 2) (Ds 


230 (1) 4a 


Iu, ashe 


AG = 4)) 3" 


P13 12 


12451642 


Ae 2 82 
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AD NG 1b Ea) = 2 41 1422 ee 42. 3-218 -@G_2)| 
|| 
1604 40S See 

43. —2?+ 4/16 + (G3 —5)] 44. On Seeger 45. 2 ams (—5) 

46. 96 + 2[12 + (6 — 2)] — 3? 47. 4[16 —(7— 1)] + 10 48. 182 =4 = 3) 

49. 18 + (9 — 2%) + (-3) 50. 16 —3(8 —3)?+5 51. 4(=8) 120 3 

52 Col Vaseee, (2=4) Leh WG a SaelGs (=2) 54. -(0.2)?- (—0.5) + 1.72 

: 6? — 30 9. (29) 
SSem 307 74-8)-2 (12)? 56. (1.8)) —) 52 18 57,—(1.65 — 1.05) = 0.44 08 


See Soe y Oe 3\2_ (1\3 . 3 
<=(24+- . (=-—]e 60. (=) -[=) += 
. (2 +3) aa (3 22 (3) ( > 


APPLYING THE CONCEPTS 
61. The following was offered as the simplification of 6 + 2(4 — 9). 
Y Ort 2 (42— 9) = 6- 2( =) 

= 8(—5) 

= —40 


If this is a correct simplification, write yes for the answer. If it is incor- 
rect, write no and explain the incorrect step. 


62. The following was offered as the simplification of 2 - 3°. 


¥ 2:3? = 6 = 216 


If this is a correct simplification, write yes for the answer. If it is incor- 
rect, write no and explain the incorrect step. 
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| Focus on Problem Solving 


Inductive Reasoning Suppose you take 9 credit hours each semester. The total number of credit hours 


you have taken at the end of each semester can be described in a list of numbers. 
Moly AAs axel, Alsi, oe ojos ane 


The list of numbers that indicates the total credit hours is an ordered list of num- 
bers, called a sequence. Each number in a sequence is called a term of the 
sequence. The list is ordered because the position of a number in the list indi- 
cates the semester in which that number of credit hours has been taken. For 
example, the 7th term of the sequence is 63, and a total of 63 credit hours have 
been taken after the 7th semester. 


Assuming the pattern is continued, find the next three numbers in the pattern 


6;-- 107 14 18 ieee 
This list of numbers is a sequence. The first step in solving this problem is to 
observe the pattern in the list of numbers. In this case, each number in the list is 
4 less than the previous number. The next three numbers are —22, —26, —30. 
This process of discovering the pattern in a list of numbers is inductive reason- 
ing. Inductive reasoning involves making generalizations from specific exam- 
ples; in other words, we reach a conclusion by making observations about 
particular facts or cases. 
Try the following exercises. Each exercise requires inductive reasoning. 


Name the next two terms in the sequence. 


tbe Wie ares eT LRG Pace mil fr Vag Ze A ele) 3.0 anees 
Sp es ef sol Weel Oke; 4: JA, Bi CG; Hy i, Maw 


Draw the next shape in the sequence. 


inal see lp. 


6. |e \le llee ||lee |leee 
Solve. 
ih Gp Mey ee: 5 4 : : CoH are Are 
7. Convert TEMES TERRE and 7 to decimals. Then use the pattern you observe to 
i 9 2 
convert a —, and Tt to decimals. 
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The Key ona 


Calculator 


Moving Averages 


Sales 


Stock __Div PE 100s High Low Close Chg. 
A 


AAR 48 23 2495 
ACMin 96 814 
ACMOp .80a 324 
ACM Sc .96a = 1104 
ACMSp 80a 497 
ACMMI 1.08a 678 
ACMMM 78 156 
ADT wt 742 
AOT 4357 
AFLAC .44 16 1355 
ALlab .18 168 911 


1314 1178 1214 -738 
W118 11 11. he 


934 938 


1138 1114 1138 


912 93—8 912 


1034 1058 1034 +18 


914 91e gle 
188 138 112 
912 9 gts 


3512 3434 3478 -12 
2312 2214 2312 +138 


Lee Be 
25563" 537533" 


i LS} 
to convert 33’ 33’ 


8. Convert and a to decimals. Then use the pattern you observe 


and > to decimals. 


| Projects and Group Activities 


Using your calculator to simplify numerical expressions sometimes requires use 
of the key or, on some calculators, the negative key, which is frequently 
shown as L@]. These keys change the sign of the number currently in the display. 
To enter —4: 


° For those calculators with EF], press 4 and then EZ]. 
¢ For those calculators with [2], press L©] and then 4. 


Here are the keystrokes for evaluating the expression 3(—4) — (—5). 


Sobel at 
9 | Ge ey Rt WY 4 SS 


Calculators with key: 
Calculators with key: 


This example illustrates that calculators make a distinction between negative 
and minus. To perform the operation 3 — (—3), you cannot enter 3 [= JL_] 3. 
This would result in 0, which is not the correct answer. You must enter 


3EI13FAE] or 321613 EI 


Use a calculator to evaluate each of the following exercises. 


Ve On 2 Zo as) 3247 => (9) 


4°. 50 24 14) 543)? 61-8 + (—6)- 7 


Objective 1.3C on page 20 describes how to find the moving average of a stock. 
Use this method to calculate the five-day moving average for at least three dif- 
ferent stocks. Discuss and compare the results for the different stocks. 


For this project, you will need to use stock tables, which are printed in the busi- 
ness section of major newspapers. Your college library should have copies of 
these publications. In a stock table, the column headed “Chg.” provides the 
change in the price of a share of the stock; that is, it gives the difference between 
the closing price for the day shown and the closing price for the previous day. 
The symbol + indicates the change was an increase in price; the symbol — indi- 
cates the change was a decrease in price. 
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www.fedstats.gov 


Key Words 


Chapter Summary 45 


Information regarding the history of the federal budget can be found on the 
World Wide Web. Go to the web site www.fedstats.gov. Click on “Fast Facts” and 
then on “Frequently Requested Tables.” In the list of tables printed to the screen, 
find the table entitled “Federal Budget - Summary.” Click on it. When the federal 
budget table appears on the screen, look for the column that lists each year’s sur- 
plus or deficit. You will see that a negative sign (—) is used to show a deficit. Note 
that it states near the top of the screen that the figures in the table are in millions 
of dollars. 


1. During which years shown in the table was there a surplus? 


2. During which year was the deficit the greatest? 


3. Find the difference between the surplus or deficit this year and the surplus or 
deficit five years ago. 

4. What is the difference between the surplus or deficit this year and the surplus 
or deficit a decade ago? 


5. Determine what two numbers in the table are being subtracted in each row 
in order to arrive at the number in the surplus or deficit column. 


6. Describe the trend of the federal deficit over the last ten years. 


| Chapter Summary 


A set is a collection of objects. The objects in a set are called the elements of 
the set. 


The roster method of writing sets encloses a list of the elements in braces. 


The set of natural numbers is {1, 2, 3, 4, 5, 6, 7,...}. 


The set of wilegers iSaltpere4s ar Sagi amo OF Ley Bbnd-\. 


A number a is less than another number b, written a < b, if.a is to the left of b on 
the number line. 


A number a is greater than another number b, written a > b, if a is to the right of 
b on the number line. 


The symbol = means is less than or equal to. The symbol = means is greater than 
or equal to. 


Two numbers that are the same distance from zero on the number line but on 
opposite sides of zero are opposite numbers, or opposites. The opposite of a num- 
ber is also called its additive inverse. 


The absolute value of a number is its distance from zero on the number line. 
a 


b 
not equal to zero. A rational number written in this form is commonly called a 


A rational number is a number of the form —, where a and b are integers and b is 


fraction. 
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Essential Rules 


A fraction is in simplest form when there are no common factors in the numera- 
tor and the denominator. 


The reciprocal of a fraction is the fraction with the numerator and denominator 
interchanged. 


An irrational number is a number that has a decimal representation that never 
terminates or repeats. 


The rational numbers and the irrational numbers taken together are called the 
real numbers. 
Percent means “parts of 100.” Thus 63% means 63 parts of 100 parts. 


An expression of the form a" is in exponential form, where a is the base and n is 
the exponent. 


To add two numbers with the same sign, add the absolute values of the num- 
bers. Then attach the sign of the addends. 


To add two numbers with different signs, find the absolute value of each num- 
ber. Subtract the smaller of the two numbers from the larger. Then attach the 
sign of the number with the larger absolute value. 


To subtract two integers, add the opposite of the second integer to the first 
integer. 


To multiply two numbers with the same sign, multiply the absolute values of 
the factors. The product is positive. 


To multiply two numbers with different signs, multiply the absolute values of 
the factors. The product is negative. 


To divide two numbers with the same sign, divide the absolute values of the 
numbers. The quotient is positive. 


To divide two numbers with different signs, divide the absolute values of the 


_ numbers. The quotient is negative. 


Properties of Zero and One in Division Ifa #0,0+a=0. 
fa 0,a =a =1. 
a+l=a. 


a ~ 0 is undefined. 
To convert a percent to a decimal, remove the percent sign and multiply by 0.01. 
To convert a percent to a fraction, remove the percent sign and multiply by a 
To convert a fraction to a percent, multiply by 100%. 
To convert a decimal to a percent, multiply by 100%. 
The Order of Operations Agreement 


Step 1 Perform all operations inside grouping symbols. Grouping symbols 
include parentheses, brackets, braces, and the fraction bar. 


Step 2. Simplify any numerical expressions containing exponents. 
Step 3 Do multiplication and division as they occur from left to right. 


Step 4 Do addition and subtraction as they occur from left to right. 
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| Chapter Review 


11. 


13. 


15. 


17. 


Adds— 1357 


Evaluate —5?. 


Place the correct symbol, < or >, between 
the two numbers. 
ai 3) 


Multiply: (—6)(7) 


Evaluate 15 - (6 — 4)’. 


Subtract: 5.17 — 6.238 


Write = as a decimal. Place a bar over the 


repeating digits of the decimal. 


Find the additive inverse of —4. 


Divide: —100 + 5 


10. 


14s 


16. 


18. 


‘ 7 3 
Write 55 aS a decimal. 


Evaluate 5 — 2? + 9. 


Write 6.2% as a decimal. 


Given A = {—4, 0, 11}, which elements of set 
A are less than —1? 


ed 
Write gasa percent. 


Subtract: 9 — 13 


Divide: —32 + (—4) 


3 1 : 
Write 79 5 % as a fraction. 


48 


19. 


21. 


Zo: 
Jap) 


27. 


29: 


31. 


PA, 


¢ 


33: 
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Evaluate —3* + 4[18 + (12 — 20)]. 20. 
Write 2 as a percent. Write the remainder in PD 
fractional form. 

Multiply: 4.32(—1.07) 24. 
Subtract: 16 — (3)eau18 26. 
Given C = {—7, 0, 9} find the absolute value 28. 
of each element of set C. 

Place the correct symbol between the two 30. 


numbers. 
=) dle AO) 


To discourage random guessing on a multiple-choice 
exam, a professor assigns 6 points for a correct 
answer, —4 points for an incorrect answer, and —2 
points for leaving a question blank. What is the score 
for a student who had 21 correct answers, 5 incorrect 
answers, and left 4 questions blank? 


The graph at the right shows the average number of 
messages received each day per employee. What per- 
cent of all the messages is E-mail? Round to the near- 
est tenth of a percent. 


The temperature at which mercury boils is 357°C. The 
temperature at which mercury freezes is —39°C. Find 
the difference between the boiling point and the freez- 
ing point of mercury. 


Add: —3 + (-12) + 6 + (-4) 


%) 4 
Evaluate (2) ; 


Evaluate —|—5]. 


we ey PAI 
Divide: age ae 


Multiply: —9(—9) 


be at rT 
Evaluate area Cas: ). 


40 


Average number of messages 
received per day per employee 


Source: Institute for the Future/Gallup Organization 
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| Chapter Test 


11. 
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13. 


Divide 561i (-- 33) 


Evaluate : - (4). 


Subtract: 16 — 30 


sis 


nee. 
Add: oo 7s 


Multiply: —5(—6) (3) 


Evaluate (—3%) - 2’. 


Place the correct symbol, < or >, between 


the two numbers. 
—2 -40 


10. 


12. 


14. 


: 5 : a : 
Write g as a percent. Write the remainder in 


fractional form. 


Multiply: 6.02(—0.89) 


Write 375 % as a fraction. 


SLOT 2 


Evaluate Saas +246. 


Find the opposite of —4. 


Given B = {—5, —3, 0, 4}, which elements of 
set B are greater than 2? 


Evaluate —|—4|. 


50 


Ley 


17. 


19. 


IAI 


Ze. 


24. 


¢ 


ZS. 
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Write 45% as a fraction and as a decimal. 


Multiply: —4 - 12 


Subtract: 16 — (—30) — 42 


Write 1.025 as a percent. 


16. 


18. 


20. 


Pap be 


Add: =22 + 14" (3) 


Evaluate 16 + 2[8 — 3(4 


Evaluate 3? — 4+ 20 +5. 


Write ; as a decimal. Place a bar over the repeating digit of the decimal. 


The table below shows the first-quarter profits and losses for 1997 for five 
companies in the paper industry. Profits are shown as positive numbers; 
losses are shown as negative numbers. One-quarter of a year is three 


months. 


a. If earnings were to continue throughout the year at the same level, what 
would be the annual earnings or losses for Bowater, Inc.? 
b. For the quarter shown, what was the average monthly profit or loss for 


Boise Cascade? 


Paper Company 


Source: The Wall Street Journal, May 5, 1997 


First Quarter 1997 Profits 


—15,210,000 
—3,140,000 
37,083,000 
28,056,000 
34,000,000 


At the end of the trading day on July 30, the price of one share of Nike stock 


was $62. The change in the price of a share on July 31 was =. What was 


the price of one share of Nike stock at the end of the trading day on 


July 31? 


2) ele 
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Nutritionists are hired by schools, hospitals, and other 
institutions to plan appealing meals that supply the nutrition 
needed to maintain good health. To plan a balanced diet, they 
need to know the recommended daily requirements of 
vitamins and minerals and the vitamin and mineral content of 
different foods. As meal planning requires dealing with so 
many “variables,” a knowledge of variable expressions is 
very helpful in this career. 


Variable Expressions 


Objectives 


Section 2.1 
To evaluate a variable expression 


Section 2.2 
To simplify a variable expression using the 
Properties of Addition 


To simplify a variable expression using the 
Properties of Multiplication 


To simplify a variable expression using the 
Distributive Property 


To simplify general variable expressions 


Section 2.3 
To translate a verbal expression into a variable 
expression, given the variable 


To translate a verbal expression into a variable 
expression and then simplify 


To translate application problems 


History of Variables 


Prior to the 16th century, unknown quantities were 
represented by words. In Latin, the language in which 
most scholarly works were written, the word res, 
meaning “thing,” was used. In Germany the word zahl, 
meaning “number,” was used. In Italy the word cosa, 
also meaning “thing,” was used. 


Then in 1637, René Descartes, a French mathematician, 
began using the letters x, y, and z to represent variables. 
It is interesting to note, on examining Descartes’s work, 
that toward the end of the book the letters y and z were 
no longer used and x became the choice for a variable. 


One explanation of why the letters y and z appeared less 
frequently has to do with the nature of printing presses 
during Descartes’s time. A printer had a large tray that 
contained all the letters of the alphabet. There were many 
copies of each letter, especially those letters that are used 
frequently. For example, there were more e’s than q’s. 
Because the letters y and z do not occur frequently in 
French, a printer would have few of these letters on 

hand. Consequently, when Descartes started using these 
letters as variables, it quickly depleted the printer’s supply 
and x’s had to be used instead. 


Today, x is used by most nations as the standard letter 
for a single unknown. In fact, x-rays were so named 
because the scientists who discovered them did not know 
what they were and thus labeled them the “unknown 
rays” or x-rays. 
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2.1 


Objective A 


POINT OF INTEREST 


Historical manuscripts indicate 
that mathematics is at least 
4000 years old. Yet it was 

only 400 years ago that 
mathematicians started using 
variables to stand for numbers. 
The idea that a letter can stand 
for some number was a critical 
turning point in mathematics. 
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Evaluating Variable Expressions 


To evaluate a variable @XPresSiOn ........ccccccccccsecsesessccessesescsesssseesesees (a) 


Often we discuss a quantity without knowing its exact value—for example, the 
price of gold next month, the cost of a new automobile next year, or the tuition 
cost for next semester. Recall that a letter of the alphabet is used to stand for a 
quantity that is unknown or that can change, or vary. The letter is called a vari- 
able. An expression that contains one or more variables is called a variable 
expression. 


Agvariablegexpressionigis,shownuateus 34a ve 20 a7, 

the right. The expression can be 

rewritten by writing subtraction as 3x? + (—5y) + 2xy + (—x) + (-7) 
the addition of the opposite. 


Note that the expression has 5 : 5 terms = 
addends. The terms of a variable 3,2 — Sy + 2xy — x —- 7 
expression are the addends of the —s. 
expression. The expression has 5 variable terms constant 
term 


terms. 

The terms 3x’, —5y, 2xy, and —x are variable terms. 

The term —7 is a constant term, or simply a constant. 

Each variable term is composed of a 

numerical coefficient and a vari- Saree coe 
numerical coefficient 


able part (the variable or variables ‘ 1 
and their exponents). 32 hr ea ine 7 


When the numerical coefficient is 1 
or —1, the 1 is usually not written 
(Ge = Alors hatel 5 bes 


variable part 


Variable expressions occur naturally in science. In a physics lab, a student may 
discover that a weight of 1 pound will stretch a spring ; inch. Two pounds will 
stretch the spring 1 inch. By experimenting, the student can discover that the dis- 
tance the spring will stretch is found by multiplying the weight by > By letting 
W represent the weight attached to the spring, the student can represent the dis- 


: ; ‘ 1 
tance the spring stretches by the variable expression 5 


With a weight of W pounds, the spring will stretch ; -We= lw inches. 


- 10 = 5 inches. The num- 


With a weight of 10 pounds, the spring will stretch ; 


ber 10 is called the value of the variable W. 


: : 1 [ies 
With a weight of 3 pounds, the spring will stretch > +3 = | : inches. 
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Replacing each variable by its value and then simplifying the resulting numeri- 
cal expression is called evaluating the variable expression. 


CALCULATOR NOTE “> Evaluate ab — b? when a = 2 and b = —3. 
See the appendix Replace each variable in the expression by its value. Then use the Order of 
pGuidelnes Tortsing Operations Agreement to simplify the resulting numerical expression. 


Graphing Calculators” for 
instructions on using a 5 
graphing calculator to evaluate ee 8) 


variable expressions. ene 3)2 les, sgn Bd 
=e) 
When a = 2 and b = —3, the value of ab — b? is —15. 


Example 1 Name the variable terms of the You Try It1 Name the constant term of 
expression 2a? — 5a + 7. the expression 6n? + 3n — 4. 


Solution 2a? and —5a Your solution 


Example 2 Evaluate x? — 3xy when x = 3 You Try It2 Evaluate 2xy + y* when 
and y = —4. x= —4andy =2. 


Solution x? — 3xy Your solution 
33 (3) GAs Oe (3) (4) 
= 9 — 9(—4) 
= 9) — 7 (36) 
=9+ 36=45 


Z 2 


— b 2 
es ae when You Try It3. Evaluate % am when a = 5 
a at+b 


a@=3 and b= —4, and b = —3. 


a’ — b? 
Solution ; Your solution 
a = 
3? — (-4) esa hO 
Sa 4) esta) 
a 


Example 3 Evaluate 


Example 4 Evaluate x* — 3(x — y) — 2” You Try It4 Evaluate x* — 2(x + y) + 2? 
when x = 2, y = —1, and when x = 2, y = —4, and 
2= 3. Lm 3. 


Solution x? — 3(« — y) — 2 Your solution 
Fos sp) (ena 
= 2? —-3(3) — 3? 
= 4 —- 3(3) -9 
=4-9-9 
=) = Y) 
a 


Solutions on p. S3 
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2.1 Exercises 


Objective A 
Name the terms of the variable expression. Then underline the constant term. 


1. 2x*+-5x— 8 2. -3n? —4n +7 3. 6-a' 


Name the variable terms of the expression. Then underline the variable part of each term. 


4. 9b? — 4ab+a’ 5. 7x*y + 6xy? + 10 Ch Sy Sala = Sie 


Name the coefficients of the variable terms. 


eee Ct 2 see IW = inlay =e On An 7 
Evaluate the variable expression when a = 2, b = 3, andc = —4. 

109 3a 2b Pera 2c 120 =a 

130 2c 14. —3a+ 4b 150 50) se 

iene 3 17a — 30 44 {Seer 
1950p (—a) 20.. be = 2a) 21. b* — 4ac 
22a 1b? 230.0. 26 24. (a+b) 
25. a+b 26. 2a-—(c+a) 27. (b-—a)’+4c 
28. b* - we 29. 2 — 3cb 30. (b — 2a)? + be 
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Evaluate the variable expression when a = —2,b =4,c = —1, and d = 3. 
Fee aD a3 240 

eH LF F 32. z =a 
bere bea 2 

36. 
34. 5 35) = aay, 
37. (b +d) —4a 38. (d— a)’ — 3c 39. (d-a)y+5 
b—2a b? —a 

40. 3(b — a) = 0G 41. ae | 42. ideas 
Ieee ce Seen —4be 
ae 5 SUP 45. 

43. 3 d 3 b td a = eyiTeC 

Beer! pee : : 
46. ——b += (ac + bd) 47. ——d ——(bd - ac) 48. (6 -—a)’-—(d-c) 
4 Z 3 5) 

49S (beicle + (aet d) 50. 4ac + (2a)? 51. 3dc — (4c) 

APPLYING THE CONCEPTS 

52. Explain in your own words the meaning of “evaluate an algebraic 

VA expression.” 

Evaluate the following expressions for x = 2, y = 3, andz = —2. 

By, Saas 54, z 55. x*-y 56. y® 


57. For each of the following, determine the first natural number x, greater 
than 1, for which the second expression is larger than the first. 


Fy aie ote baw 4 Cue (iF Bane 


58. On the basis of your answer to Exercise 57, make a conjecture that 
appears to be true about the expressions x” and n’*, where 
n = 3,4,5,6,7,...and x is a natural number greater than 1. 
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2 Simplifying Variable Expressions 


Objective A_ To simplify a variable expression using 


TAKE NOTE 


Simplifying an expression 
means combining like terms. A 
constant term (5) and a 
variable term (7p) are not like 
terms and therefore cannot be 
combined. 


HIG ELOPersles Ol AGCITION aires agi ies 7s cuaesiccntsnseereesnersockess ls (@) | (ea) 
Like terms of a variable expression 
are terms with the same variable part. 
(Because x? =x-x,x*? and x are not 
like terms.) 
OX Sega a ee Ont: 


Constant terms are like terms. 4 and 9 


are like terms. 


like terms 


To simplify a variable expression, use the Distributive Property to combine 
like terms by adding the numerical coefficients. The variable part remains 
unchanged. 


Distributive Property 


If a, b, and c are real numbers, then a(b + c) = ab+ ac. 


The Distributive Property can also be written ba + ca = (b + c)a. This form is 
used to simplify a variable expression. 


To simplify 2x + 3x, use the Distributive Property 
to add the numerical coefficients of the like variable 
terms. This is called combining like terms. 


Diets 3K = (2° 3) 
= 5x 


m Simplify: 5y — 11y 


Sy (5 iy ® Use the Distributive Property. 
— —6y 


mp Simplify: 5 + 7p 
The terms 5 and 7p are not like terms. 


The expression 5 + 7p is in simplest form. 


The Associative Property of Addition 


lf a, b, and c are real numbers, then (a+ b) + c 


When three or more terms are added, the terms can be grouped (with parenthe- 
ses, for example) in any order. The sum is the same. For example, 


(3% cid) 49x = 3x sb: (5x2 + Ox) 
8x + 9x = 3x + 14x 


17x = 17x 
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The Commutative Property of Addition 


lf aand b are real numbers, thena + b= b+ a. 


When two like terms are added, the terms can be added in either order. The sum 
is the same. For example, 


2x + (—4x) = —4x + 2x 
—2*% = —2x 


The Addition Property of Zero 


If ais areal number, thena+0=0+ a= a. 


The sum of a term and zero is the term. For example, 


5x 0] 0 ox = ox 


The Inverse Property of Addition 


If ais a real number, then a + (—a) = (—a) + a= 0. 


The sum of a term and its opposite is zero. The opposite of a number is called its 
additive inverse. 


1X (—71x) = ice + Tx = 0 


m Simplify: 8x + 4y — 8x + y 


Sxeer Ay a On ey ® Use the Commutative and 
= (8x — 8x) + (4y + y) Associative Properties of Addition to 
rearrange and group like terms. 
= 0+ 5y=5y ® Combine like terms. 


m> Simplify: 4x? + 5« — 6x? — 2x + 1 


Ax? + 5x — 6x? — 2x + 1 ® Use the Commutative and 
= (4x — 6x’) + (5x — 2x) + 1 Associative Properties of Addition to 
rearrange and group like terms. 
= —-2x7+ 3x + 1 ® Combine like terms. 


Example 1 Simplify: 3x + 4y — 10x + 7y You Try It1 Simplify: 3a — 2b — 5a + 6b 
Solution 3x + 4y — 10x + 7y=—7x + lly Your solution 


Example 2. Simplify: x* — 7 + 4x? — 16 You Try It 2 


Simplify: —3y* + 7 + 8y? — 14 
Solution x? — 7 + 4x* — 16 = 5x? — 23 Your solution 


Solutions on p. S3 
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Objective B 
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To simplify a variable expression using the Properties 


DEMIUIUDICATION . 2h. ee ee OF ccm (Teh) (Ch 


In simplifying variable expressions, the following Properties of Multiplication 
are used. 


The Associative Property of Multiplication 


If a, b, and c are real numbers, then (a- b)- c= a- (b- Cc). 


When three or more factors are multiplied, the factors can be grouped in any 
order. The product is the same. For example, 


2(3x) = (2 - 3)x = 6x 


The Commutative Property of Multiplication 


If aand bare real numbers, then a: b= b- a. 


Two factors can be multiplied in either order. The product is the same. For 
example, 


(2x): 3 =3.- (2x) = 6x 


The Multiplication Property of One 


lf ais areal number, thena:-1=1-a=a. 


The product of a term and one is the term. For example, 


(8x) (1) = (1) (8x) = 8x 


The Inverse Property of Multiplication 


If ais a real number, and ais not equal to zero, then 


eS | 


! is called the reciprocal of a. : is also called the multiplicative inverse of a. 
a 


The product of a number and its reciprocal is one. For example, 


The multiplication properties just discussed are used to simplify variable 
expressions. 


=> Simplify: 2(—x) 


2(—x) = 2(-1 - x) ® Use the Associative Property of 
Pata itis Multiplication to group factors. 
= —2x 


60 Chapter 2 / Variable Expressions 


BZ 
=> Simplify: 3 (2) 


3 
a pO4s Sif 24 2x OZ 
= a (— © Note that — = —x. 
3( 3 5(25) 33 
See — 
= 5 : 3 x * Use the Associative Property of 


Multiplication to group factors. 


=> Simplify: (16x)2 


(16x)2 = 2(16x) e Use the Commutative and 
= (2 - 16)x Associative Properties of 
= 32x Multiplication to rearrange and 


group factors. 


Example 3. Simplify: —2(3x’) You Try It3 Simplify: —5(4y’) 


Solution —2(3x*) = —6x° Your solution 


Example 4 Simplify: —5(—10x) You Try It4 Simplify: —7(—2a) 


Solution —5(—10x) = 50x Your solution 


Example 5 Simplify: (6x)(—4) You Try It5 Simplify: (—5x)(—2) 
Solution (6x)(—4) = —24x Your solution 


Solutions on p. S3 


Objective C_ To simplify a variable expression using the 


Distributive Property ........cc.ccccccccececeseceeeeees (T6 }) 
Ree SenaR ety tosses 22s me 7 d 6b 47 >] 
Recall that the Distributive Property states that if a, b, and c are real numbers, 
then 
a(b + c)=ab+ac 


The Distributive Property is used to remove parentheses from a variable 
expression. 
=> Simplify: 3(2x + 7) 


3(2x + 7) = 3(2x) + 3(7) © Use the Distributive Property. 
Se Multiply each term inside the 
parentheses by 3. 
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= Simplify: —5(4x + 6) 


—3(4x + 6) = —5(4x) + (—5) - 6 * Use the Distributive Property. 
= —20x — 30 


= Simplify: —(2x — 4) 


-(2x — 4) = —1(2x — 4) e Use the Distributive Property. 
C29 b= KEEN WEN 
=i 2a 


Note: When a negative sign immediately precedes the parentheses, the sign of 
each term inside the parentheses is changed. 


1 
= Simplify: — 5 (8x 5p A's 


e Use the Distributive Property. 


I 
| 
Nl 
— 
(oe) 
aS 
— 
| 
a 
Nl 
SS 
— 
cas 
ine) 
<< 
A 


| 
i 5 (8% = 12y} 


I 
| 
> 
cea 
at 
Oo 
— 


An extension of the Distributive Property is used when an expression contains 
more than two terms. 


=> Simplify: 3(4x — 2y — z) 


340 — 2ye— 7) = 34x) — 3(2y) — 32) * Use the Distributive Property. 
= 12x — 6y — 3z 


Example 6 You Try It 6 
Simplify: 7(4 + 2x) Simplify: 5(3 + 7b) 


Solution Your solution 
7(4 + 2x) = 28 + 14x 


Example 7 You Try It 7 
Simplify: (2x — 6)2 Simplify: (3a — 1)5 


Solution Your solution 


(2x — 6)2 = 4x — 12 


Example 8 You Try It 8 
Simplify: —3(—5a + 7b) Simplify: —8(—2a + 7b) 


Solution Your solution 


—3(—5a + 7b) = 15a — 21b 


Solutions on p. $3 
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Example 9 Simplify: 3(x* — x — 5) You Try It9 Simplify: 3(12x? — x + 8) 


Solution 3(x? — x — 5) = 3x? — 3x — 15 Your solution 


Example 10 Simplify: —2(x? + 5x — 4) You Try It10 Simplify: 3(—a’ — 6a + 7) 


Solution —2(x? + 5x — 4) Your solution 
= —2x? — 10x + 8 


Solutions on p. S3 


Objective D To simplify general variable ExPresSiONS. ...........::0.0cccccccsessenseeneees (@) 


When simplifying variable expressions, use the Distributive Property to remove 
parentheses and brackets used as grouping symbols. 


=> Simplify: 4 — y) — 2(—3x + 6y) 
a(n) 2 Soy) 
= 4x — 4y + 6x — 12y ® Use the Distributive Property. 


= 100 — hoy ® Combine like terms. 


Example 11 Simplify: 2x — 3(2x — 7y) You Try It11. Simplify: 3y — 2(y — 7x) 


Solution 2x — 3(2x — Ty) = 2x — 6x + 21y Your solution 
= -4x + 2ly 


Example 12 Simplify: You Try It 12 Simplify: 
CS SCA) 5s 54, 26 > 2y) = (aaa yy 
Solution 7(x — 2y) — (—x — 2y) Your solution 


=“(x. = 1l4y Px 2y 
= oe = SAY 


Example 13 Simplify: You Try It 13. Simplify: 
23 ie (een) 3y > 2|k— 42 ay) 


Solution 2x — 3[2x — 3(x + 7)] Your solution 


a |g a See c= 10) 
=) 33| a | 

= 2x + 3x + 63 

= OD 


Solutions on p. S3 
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2.2 Exercises 


Objective A 

Simplify. 

Deere Sx ih WE eae leks Sp Id ad ASG a 

5. 4y + (—10y) G2 Sy l—6y) 16 Ser 9 Sl ye 

Sh SS DAE Ah LOD 3a he t2a Li Sab fap 12. 9ab — 3ab 
1370) 2xy + V7 xy 14. —15xy + 3xy skp = siilah ae: BYela 16. —7ab + Tab 
IANS 9 Sb tinea 5 ie ames DDR Set oey, 2S OG — Sia 24. 10as— Vlas 3a 
Se 5x" — 12x? + 3x? 26. —y* — 8y’ + Ty’ 27. 7x + (—8x) + 3y 

Zee dy = (10x) + 8x PS we 1 = Ee AOY 30. <8y + 8x — 8y 

31. 3a + (—7b) — 5a +b 32 UE at ie 120 33. tet (oy) 10 ee 
samesy te 12x) — “Ty + 2y 35. x? — 7x + (—5x7) + 5x 36. 3x? + 5x — 10x”? — 10x 
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Objective B 


Simplify. 
37. 4(3x) 38. 12(5x) 39. —3(7a) 40. —2(5a) 41. —2(-—3y) 
42. —5y(-6y) 43. (4x)2 44. (ar)12 45. (Ga)(—2) 46. (7a)(—A4) 
47. (—3b)(-4) 48. (—12b)(-9) 49. —5(3x) 50. —8(7x*) 58: a (3x7) 
52. = (6x2) 53, —(5a) 54. = (8x) 55. ——(—2x) * (—4a) 
- Z& R 5 04 ¢ g (8 55 3 | 2x 56 errs 
hie 1 ee I 1 
57 (in) 58. —~(-9) 59. Gx) (+) 60. (12x) (4) 61. (—6y) (-2) 
1 1 1 i 1 1 | 
62. (—10n)|—— 63. <— Oz) 64. =(14x) 65. ——(10r) 66. ——(ldx) ) 
10 3 7 = N 
67 ~?2 (1222) 68 == 24a’) 69 : ? 2 S : 
33 68 -E . ~5C16) 70. -3(-a) 71. (te); 


= 1 e 1 1 = 3 > 
72. a3() 73. -60(4) 74, (-100(2) 75. 8 (-3) 76. ai» (-3) 


Objective C 


————————————————— 


Simplify. 
71. —& +2) 78. —(x+7) 79. 2(4x — 3) 80. 5(2x — 7) 

| 
81. —2(a +7) 82. —S(a + 16) 83. —3(2y — 8) 84. —=5sGy-27) & 
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85. 


89. 


93; 


97. 


101. 


104. 


107. 


110. 


ib ley, 


(eS) 7 


3(5x* + 2x) 
(=34.— 6)5 


—3(2y? — 7) 


2 
— 3 (oe = eLSy) 


3(x? + 2x — 6) 


5 (2x = oy Ss) 


—5(—2x? — 3x + 7) 


5(2x? — 4xy — y’) 


Objective D 


Simplify. 


116. 


119. 


4x — 2(3x + 8) 


(OE Line 3) 


86. 


90. 


94. 


98. 
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(10 — 7b)2 87. + (6 15y) 
6(3x? + 2x) 91. —2(-y + 9) 
(e592 hl O52 (asa, 14) 
=—8(3y7 — 12) 99. 3(x? — y’) 

102 eee eed) 

2 

105. 4(x? — 3x + 5) 

108. =s(6r- 9 +1 

111. —3(—4x? + 3x — 4) 

114. -—(3a? + 5a - 4) 

dia Odie Od at A) 

120s Wu (iG 2n) 


103. 


106. 


109. 


2: 


115. 


118. 


121; 


1 
88. 5 (8x + 4y) 


O27 le 
Cle Se = 3) 


100. 5(x? + y’) 


—(6a”? — 7b?) 


—2(y? — 2y + 4) 


4(—3a* — 5a + 7) 


3(2x* + xy — 3y?) 


—(8b* — 6b + 9) 
9 — 3(4y + 6) 
8 — (12 + 4y) 
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122. 3(@ + 2) —5@ —7) 123. 2(x — 4) — 4 + 2) 124. 12(y — 2) + 3(7 — 3y) 
125. 6(2y — 7) - 3 - 2y) 126. 3(a—b)-(a+b) 127. 2(a + 2b) — (a — 3b) 
128. 4[x — 2x — 3)] 129. 2[x + 2(x + 7)] 130. —2[3x + 2(4 — x)] 
131. —5[2x + 3(5 —x)] 132. —3[2x -(« + 7)] 133. —2[3x — (5x — 2)] 
134, 2x - 3[x -(4-x)] 135. —7x + 3[x — (3 - 2x)] 136. —5x — 2[2x — 4(x + 7)]-—6 


APPLYING THE CONCEPTS 


137. Determine whether the statement is true or false. If the statement is 
false, give an example that illustrates that it is false. 
a. Division is a commutative operation. 
b. Division is an associative operation. 
c. Subtraction is an associative operation. 
d. Subtraction is a commutative operation. 


138. Is the statement “any number divided by itself is 1” a true statement? 
If not, for what number or numbers is the statement not true? 


139. Does every number have a multiplicative inverse? If not, which real 
number or numbers do not have a multiplicative inverse? 


140. In your own words, explain the distributive property. 


141. Give examples of two operations that occur in everyday experience that 
VA are not commutative (for example, putting on socks and then shoes). 


142. Define an operation ® as a®b=(a-b)—(a+b). For example, 
LOS (7 25) 7 435) = 35.12 
a. Is ® a commutative operation? Support your answer. 


b. Is ® an associative operation? Support your answer. 
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Translating Verbal Expressions into 
Variable Expressions 


_ 123 


Objective A_ To translate a verbal expression into a variable 
expression, given the Variable uic.cccccccccceeeecccccccccccccueeeseeseccesecessenenes ({ 8p] 


One of the major skills required in applied mathematics is to translate a verbal 
expression into a variable expression. This requires recognizing the verbal 
phrases that translate into mathematical operations. A partial list of the ver- 
bal phrases used to indicate the different mathematical operations follows. 
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POINT OF INTEREST Addition added to 6 added to y jy ae 
The way in which expressions more than 8 more than x x+8 
are symbolized has changed the sum of the sum of x and z x +z 
over time. Here are how some 5 iv 
of the expressions shown at increased by t increased by 9 C9 
the right may have appeered in 4 
the carly 46tn Century, the total of the total of 5 and y Sy ae! 
R p. 9 for x + 9. The symbol 
R was used fora variabletothe Subtraction minus x minus 2 oe 
first power. The symbol p. was 
conte plus. beard: less than 7 less than ¢ Il 
R m. 3 for x — 3. The symbol decreased by m decreased by 3 m — 3 
Ris still used for the variable. ’ ‘ 
The symbol m. is used for the difference the difference 
minus. between between y and 4 y—-4 
The square of a variable was 
designated by O and the cube eas ; : : 
fae desiuecedihy © The Multiplication times 10 times ¢ 10¢ 
expression x* + x* was written 1 
Oe of one half of x 5% 
the product of the product of y and z yZ 
multiplied by y multiplied by 11 lly 
ae MB Ne 
Division divided by x divided by 12 6 
‘ ; y 
the quotient of the quotient of y and z 5 
; ; t 
the ratio of the ratio of t to 9 9 
Power the square of the square of x a 


= Translate “14 less than the cube of x” into a variable expression. 


the cube of 


14 less than the cube of x 


x* -— 14 


the cube of a 
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Translating a phrase that contains ee 

the word sum, difference, product, the sum of x and y x EY 
or quotient can sometimes Cause a 
problem. In the examples at the 


ese 7+ .& es 
: : the difference between x and y Sea 
right, note where the operation 


symbol is placed. ae 
sus ISTE SY 2a the product of x and y xy 
— a5 aad 


oe 


the quotient of x and y - 


- 


=> Translate “the difference between the square of x and the sum of y and 2” into 
a variable expression. 
the difference between the square of 
x and the sum of y and z 


RH +z) 


Example 1 You Try It 1 

Translate “the total of 3 times n and n” into Translate “the difference between twice n 

a variable expression. and one-third of m” into a variable 
expression. 


Solution Your solution 
the total of 3 times n and n 
3n +n 


Example 2 You Try It 2 
Translate “m decreased by the sum of m and Translate “the quotient of 7 less than b and 
12” into a variable expression. 15” into a variable expression. 


Solution Your solution 
m decreased by the sum of n and 12 
File =a (Ft) 


Solutions on p. S3 


Objective B_ To translate a verbal expression into a variable expression 
and then simplify 


In most applications that involve translating phrases into variable expressions, 
the variable to be used is not given. To translate these phrases, a variable 


must be assigned to an unknown quantity before the variable expression can 
be written. 
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=» Translate “a number multiplied by the total of six and the cube of the num- 
ber” into a variable expression. 


the unknown number: n * Assign a variable to one of the 
unknown quantities. 


the cube of the number: n? ¢ Use the assigned variable to write 
the total of six and the cube an expression for any other 

of the number: 6 + n? unknown quantity. 

n(6 + n°) © Use the assigned variable to write 


the variable expression. 


Example 3 You Try It 3 
Translate “a number added to the product of Translate “negative four multiplied by the 
four and the square of the number” into a total of ten and the cube of a number” into 


variable expression. a variable expression. 


Solution Your solution 
the unknown number: n 

the square of the number: n’? 

the product of four and the square of the 

number: 4n* 

n + 4n* 


Example 4 You Try It 4 

Translate “four times the sum of half of a Translate “five times the difference between 
number and fourteen” into a variable a number and sixty” into a variable 
expression. Then simplify. expression. Then simplify. 


Solution Your solution 


the unknown number: n 


half of the number: sn 


the sum of half of the number and 


fourteen: sn +14 


I 
a(4n 7 14) 


on +56 


Solutions on p. S4 
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Objective C To translate application problems. ...........::ccceessesceeereeeieeeees (@) 


Many of the applications of mathematics require that you identify the unknown 
quantity, assign a variable to that quantity, and then attempt to express other 
unknown quantities in terms of the variable. 


=» The height of a triangle is 10 ft longer than the base of the triangle. Express 
the height of the triangle in terms of the base of the triangle. 


b the base: b + 10 


Example 5 

The length of a swimming pool is 4 ft less 
than two times the width. Express the length 
of the pool in terms of the width. 


Solution 

the width of the pool: w 

the length is 4 ft less than two times the 
width: 2w — 4 


Example 6 

A banker divided $5000 between two 
accounts, one paying 10% annual interest 
and the second paying 8% annual interest. 
Express the amount invested in the 10% 
account in terms of the amount invested in 
the 8% account. 


Solution 
the amount invested at 8%: x 
the amount invested at 10%: 5000 — x 


the base of the triangle: b 


the height is 10 more than 


| 
\| 
| 
| 
\} 
iy 
| 
| 


e Assign a variable to the base of the 
triangle. 


© Express the height of the triangle in 
terms of b. 


You Try It 5 

The speed of a new jet plane is twice the 
speed of an older model. Express the speed 
of the new model in terms of the speed of 
the older model. 


Your solution 


You Try It 6 

A guitar string 6 ft long was cut into two 
pieces. Express the length of the shorter 
piece in terms of the length of the longer 
piece. 


Your solution 


Solutions on p. S4 
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2.3 Exercises 


Objective A 


Translate into a variable expression. 


1. 


11. 


13. 


15. 


a7 


12: 


pW, 


Zo 


25- 


the sum of 8 and y Ze 


p decreased by 7 5. 


20 less than the square of x 


the sum of three-fourths of m and 12 


8 increased by the quotient of m and 4 


the product of 3 and the total of y and 7 


the product of t and the sum of ¢ and 16 


15 more than one-half of the square of x 


the total of 5 times the cube of m and the 


square of n 


r decreased by the quotient of r and 3 


the difference between the square of x 


and the total of x and 17 


the product of 9 and the total of z and 4 


a less than 16 3. ¢ increased by 10 
z added to 14 6. g multiplied by 13 
8. 6 times the difference between m and 7 


12. 


14. 


16. 


18. 


20. 


22. 


24. 


26. 


b decreased by the product of 2 and b 


the product of —8 and y 


8 divided by the difference between x and 6 


the quotient of 6 less than n and twice n 


19 less than the product of m and —2 


the ratio of 9 more than m to m 


four-fifths of the sum of w and 10 


s increased by the quotient of 4 and s 


n increased by the difference between 10 
times n and 9 
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Translate into a variable expression. Then simplify. 


PAT 


jae) 


Sie 


33: 


35. 


37. 


39: 


41. 


43. 


45. 


47. 


Objective B 


twelve minus a number 


two-thirds of a number 


the quotient of twice a number and nine 


eight less than the product of eleven and 
a number 


nine less than the total of a number and 
two 


the quotient of seven and the total of five 
and a number 


five increased by one-half of the sum of a 
number and three 


a number added to the difference be- 
tween twice the number and four 


the product of five less than a number 
and seven 


the quotient of five more than twice a 
number and the number 


a number decreased by the difference 
between three times the number and 
eight 


28. 


30. 


32; 


34. 


36. 


38. 


40. 


42. 


44. 


46. 


48. 


a number divided by eighteen 


twenty more than a number 


ten times the difference between a number 


and fifty 


the sum of five-eighths of a number and six 


the difference between a number and three 
more than the number 


four times the sum of a number and nineteen 


the quotient of fifteen and the sum of a num- 
ber and twelve 


the product of two-thirds and the sum of a 
number and seven 


the difference between forty and the quotient 
of a number and twenty 


the sum of the square of a number and twice 
the number 


the sum of eight more than a number and 
one-third of the number 
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49. a number added to the product of three 50. a number increased by the total of the num- 
and the number ber and nine 

51. five more than the sum of a number and 52. a number decreased by the difference be- 
Six tween eight and the number 

53. a number minus the sum of the number 54. the difference between one-third of a number 
and ten and five-eighths of the number 

55. the sum of one-sixth of a number and 56. two more than the total of a number and five 


four-ninths of the number 


57. the sum of a number divided by three and 58. twice the sum of six times a number and 
the number seven 


Objective C Application Problems 


59. In November 1996, the average sale price of a home in Vail, Colorado, 

¢ was $143,600 more than the average sale price of a home in Carmel, 
California. Express the average sale price of a home in Vail in terms of 
the average sale price of a home in Carmel. 


60. According to USA Today, in Norway, annual spending per person for 

RB. books is $40 more than it is in the United States. Express the annual 

¢ spending per person for books in Norway in terms of the annual spend- 
ing per person for books in the United States. 


61. A rope 12 ft long was cut into two pieces of different length. Use one 
variable to express the lengths of the two pieces. 


62. Twenty gallons of crude oil were poured into two containers of differ- 
ent sizes. Use one variable to express the amount of oil poured into 


each container. 
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63. 


66. 


67. 


Two cars start at the same place and travel at different rates in opposite 
directions. Two hours later the cars are 200 mi apart. Express the dis- 
tance traveled by the slower car in terms of the distance traveled by the 
faster car. 


According to the Wall Street Journal, in a recent year, retail sales in 
Boston were one-half the retail sales in Los Angeles. Express the retail 
sales in Boston in terms of the retail sales in Los Angeles. 


According to the IRS, it should take about one-fourth the time to pre- 
pare Schedule A than to prepare Form 1040. Express the time it should 
take to prepare Schedule A in terms of the time it should take to pre- 
pare Form 1040. 


The diameter of a basketball is approximately 4 times the diameter of a 
baseball. Express the diameter of a basketball in terms of the diameter 
of a baseball. 


The world population in the year 2050 is expected to be twice the world 
population in 1990. Express the world population in 2050 in terms of 
the world population in 1990. 


APPLYING THE CONCEPTS 


68. 


69. 


A wire whose length is given as x inches is bent into a square. Express 
the length of a side of the square in terms of x. 


b+ x 2 mal 


The chemical formula for glucose (sugar) is CsHi20¢. This formula 
means that there are 12 hydrogen atoms for every 6 carbon atoms and 
6 oxygen atoms in each molecule of glucose (see the figure to the right). 
If x represents the number of atoms of oxygen in a pound of sugar, 
express the number of hydrogen atoms in the pound of sugar. 


Translate the expressions 5x + 8 and 5(x + 8) into phrases. 
In your own words, explain how variables are used. 


Explain the similarities and the differences between the expressions 
“the difference between x and 5” and “5 less than x.” 


Bey. 
H—¢—OoH 
HO-C—H 
H—C—OH 
H—C¢—OH 
CH,OH 
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| Focus on Problem Solving 


In your study of algebra, you will find that the problems are less concrete than 
those you studied in arithmetic. Problems that are concrete provide information 
pertaining to a specific instance. Algebra is more abstract. Abstract problems are 
theoretical; they are stated without reference to a specific instance. Let’s look at 
an example of an abstract problem. 


How many minutes are in /: hours? 


A strategy that can be used to solve this problem is to solve the same problem 
after substituting a number for the variable. 


How many minutes are in 5 hours? 


You know that there are 60 minutes in 1 hour. To find the number of minutes in 
5 hours, multiply 5 by 60. 


CORI — 500 There are 300 minutes in 5 hours. 


Use the same procedure to find the number of minutes in / hours: multiply h 
by 60. 


60 - h = 60h There are 60/ minutes in / hours. 
This problem might be taken a step further: 
If you walk one mile in x minutes, how far can you walk in h hours? 
Consider the same problem using numbers in place of the variables. 
If you walk one mile in 20 minutes, how far can you walk in 3 hours? 


To solve this problem, you need to calculate the number of minutes in 3 hours 
(multiply 3 by 60), and divide the result by the number of minutes it takes to 
walk one mile (20 minutes). 


60.23. 180 [f you walk one mile in 20 minutes, you can 


20 20 ? walk 9 miles in 3 hours. 


Use the same procedure to solve the related abstract problem. Calculate the 
number of minutes in / hours (multiply h by 60), and divide the result by the 
number of minutes it takes to walk one mile (x minutes). 


If you walk one mile in x minutes, you can 
60-h 60h 


60); 
x x walk Seuss miles in h hours. 
x 


At the heart of the study of algebra is the use of variables. It is the variables in 
the problems above that make them abstract. But it is variables that allow us to 
generalize situations and state rules about mathematics. 


Try each of the following problems. 


1. How many hours are ind days? 


76 Chapter 2 / Variable Expressions 


Prime and 
Composite Numbers 


10. 


. You earn d dollars an hour. What are your wages for working / hours? 


If p is the price of one share of stock, how many shares can you purchase 
with d dollars? 


. A company pays a television station d dollars to air a commercial lasting 


s seconds. What is the cost per second? 


. After every v video tape rentals, you are entitled to one free rental. You have 


rented ¢ tapes, where f < v. How many more do you need to rent before you 
are entitled to a free rental? 

Your car gets g miles per gallon. How many gallons of gasoline does your car 
consume traveling t miles? 

If you drink j ounces of juice each day, how many days will q quarts of the 
juice last? 

A TV station has m minutes of commercials each hour. How many ads last- 
ing s seconds each can be sold for each hour of programming? 

A factory worker can assemble p products in m minutes. How many prod- 
ucts can the factory worker assemble in / hours? 


If one candy bar costs n nickels, how many candy bars can be purchased 
with g quarters? 


| Projects and Group Activities 


A prime number is a natural number greater than 1 whose only natural-number 
factors are itself and 1. The number 11 is a prime number because the only 
natural-number factors of 11 are 11 and 1. 


Eratosthenes, a Greek philosopher and astronomer who lived from 270 to 
190 B.c., devised a method of identifying prime numbers. It is called the Sieve 


7 OR VS Ces = 


. of Eratosthenes. The procedure is illustrated below. 


2) 3) A 6) 6 ® 8 g 16 

@ 4 1 es ~ 
2 23) 24 B 26 7 ww 36) 
32 33 34 35 36. C7) meas 39 46 
Az 44 454 48 49 56 
52 63) 54 BS 56) AST ss 60 
62 63 64 65 66 68 69 1 
Te! (73) 74 pSlunleT ene Te v8 36 
82 84 Ss ad) sedune gz 38 6 
92 93 o4 ee te 98 99 180 
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List all the natural numbers from 1 to 100. Cross out the number 1, because it is 
not a prime number. The number 2 is prime; circle it. Cross out all the other 
multiples of 2 (4, 6, 8,...), because they are not prime. The number 3 is prime; 
circle it. Cross out all the other multiples of 3 (6, 9, 12,...) that are not already 
crossed out. The number 4, the next consecutive number in the list, has already 
been crossed out. The number 5 is prime; circle it. Cross out all the other multi- 
ples of 5 that are not already crossed out. Continue in this manner until all the 
prime numbers less than 100 are circled. 


A composite number is a natural number greater than 1 that has a natural- 
number factor other than itself and 1. The number 21 is a composite number 
because it has factors of 3 and 7. All the numbers crossed out in the preceding 
table, except the number 1, are composite numbers. 


1. Use the Sieve of Eratosthenes to find the prime numbers between 100 
and 200. 


2. How many prime numbers are even numbers? 


3. Find the “twin primes” between 1 and 200. Twin primes are two prime num- 
bers whose difference is 2. For instance, 3 and 5 are twin primes; 5 and 7 are 
also twin primes. 


4. a. List two prime numbers that are consecutive natural numbers. 
b. Can there be any other pairs of prime numbers that are consecutive 
natural numbers? 


5. Some primes are the sum of a square and 1. For example, 5 = 2? + 1. Find 
another prime p such that p = n? + 1, where n is a natural number. 


6. Find a prime number p such that p = n? — 1, where n is a natural number. 


7. a. 4! (which is read “4 factorial”) is equal to 4: 3-2-1. Show that 4! + 2, 
4! + 3, and 4! + 4 are all composite numbers. 
b. 5! (which is read “5 factorial”) is equal to 5-4-3-2-1. Will 5! + 2, 
5! + 3,5! + 4, and 5! + 5 generate four consecutive composite numbers? 
c. Use the notation 6! to represent a list of five consecutive composite 
numbers. 


Complete each statement with the word even or odd. 


1. Ifk is an odd integer, then k + 1 is an integer. 

2. Ifk is an odd integer, then k — 2 is an integer. 

3. If is an integer, then 2n is an integer. 

4. If m and 7 are even integers, then m — n is an integer. 

5. If mandy» are even integers, then mn is an ____ integer. 

6. Ifm and n are odd integers, then m + n is an integer. 

7. Ifm and n are odd integers, then m — n is an___ integer. 

8. If m and 7 are odd integers, then mn is an _____ integer. 

9. If m is an even integer and 7 is an odd integer, then m — n is an | 
integer. 


10. If m is an even integer and n is an odd integer, then m + 1 is an at 
integer. 
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| Chapter Summary 


Key Words A variable is a letter that is used to stand for a quantity that is unknown. 


TAKE NOTE 


“To the Student” on page xix 
provides suggestions on how 
best to make use of the 
“Chapter Summary,” the 
“Chapter Revew,” and the 
“Chapter Test.” 


Essential Rules 


A variable expression is an expression that contains one or more variables. 
The terms of a variable expression are the addends of the expression. A variable 
term is composed of a numerical coefficient and a variable part. A constant term 


has no variable part. 


Replacing the variables in a variable expression with numbers and then simpli- 
fying the numerical expression is called evaluating the variable expression. 


Like terms of a variable expression are terms that have the same variable part. 
Adding or subtracting the like terms of a variable expression is called combining 
like terms. 


The additive inverse of a number is the opposite of the number. 


The multiplicative inverse of a number is the reciprocal of the number. 


The Associative Property of Addition 
If a, b, and c are real numbers, then (a + b) +c =a+(b+c). 


The Commutative Property of Addition 
If a and b are real numbers, thena + b=b +a. 


The Addition Property of Zero 
If a is a real number, thena + 0=0+a=a. 


The Inverse Property of Addition 


‘If a is a real number, then a + (—a) = (—a) +a = 0. 


The Associative Property of Multiplication 
Ifa, b, and c are real numbers, then (ab)c = a(bc). 


The Commutative Property of Multiplication 
If a and b are real numbers, then ab = ba. 


The Multiplication Property of One 
If a is a real number, then 1-a=a-:1=a. 


The Inverse Property of Multiplication 


If a is a nonzero real number, then o(+) = (4) = j. 


a 


The Distributive Property 
If a, b, and c are real numbers, then a(b + c) = ab + ac. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Chapter Review 79 


| Chapter Review 


1. 


LE 


13. 


tS: 


Lis 


19. 


Simplify: 3(x? — 8x — 7) 


Simplify: 6a — 4b + 2a 


Evaluate (5c — 4a)? — b whena = —-1,b =2, 


ang ¢— 1: 


Simplify: 2(6y? + 4y — 5) 


Simplify: —6(7x’) 


Simplify: 12y — 17y 


Simplify: 6(8y — 3) — 8(3y — 6) 


Simplify: 5(4x) 


Evaluate (b 3 a)? +c when a= —2, b=3, 


and c= 4. 


Simplify: 4x — 3x? + 2x — x’ 


10. 


12. 


14. 


16. 


18. 


20. 


Simplify: 7x + 4x 


Simplify: (-50n)(5) 


Simplify: 5(2x — 7) 


Simplify: +(—24a) 


Simplify: —9(7 + 4x) 


Evaluate 2bc + (a + 7) when a = 3, b=—5, 
and c = 4. 


Simplify? 5¢)--)(=2d)i=* 3d =(—4e) 


Somplity: --4(24)— Oats (34-452) 


Simiplity. = Or ta 2S 0S et als 


Simplify: 5[2 — 3(6x — 1)] 


80 


DA es 


23. 


25: 


26. 


2a 


28. 


Zo. 


30. 


SL; 


32. 


SEE 
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Simplify: (7a? — 2a + 3)4 22. Simplify: 18 —=(4%5.2) 


Evaluate a? — b? when a = 3 and b = 4. 24. Simplify: —3(—12y) 


Translate “two-thirds of the total of x and 10” into a variable expression. 


A candy bar contains eight more calories than twice the number of calories 
in an apple. Express the number of calories in a candy bar in terms of the 
number of calories in an apple. 


Translate “three times a number plus the product of five and one less than 
the number” into a variable expression. Then simplify. 


Translate “the product of 4 and x” into a variable expression. 


A club treasurer has some five-dollar bills and some ten-dollar bills. The 
treasurer has a total of 35 bills. Express the number of five-dollar bills in 
terms of the number of ten-dollar bills. 


Translate “the difference between twice a number and one-half of the 
number” into a variable expression. Then simplify. 


A baseball card collection contains five times as many National League 
players’ cards as American League players’ cards. Express the number of 
National League players’ cards in the collection in terms of the number of 
American League players’ cards. 


Translate “6 less than x” into a variable expression. 


Translate “a number plus twice the number” into a variable expression. 
Then simplify. 
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11. 
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13. 


15. 


Simplify: 3x — 5x4 + 7x 


Simplify: 2x = 3(4 — 2) 


Sin puiy. see ye lex 


(10x) 


Ul 


Simplify: 


Simplity. —5(2x- — 34°46) 


Saw? esa = A ane =A. 
a 


Evaluate >— 


Simplify: —7y? + 6y? — (—2y’) 


Simplify: =(- 15a) 


~ 


10. 


14. 


16. 


Chapter Test 


Simplify; =3(2x? — 7y?) 


Simplify: 24° 3[4.— Gx — 7) 


81 


Evaluate b? — 3ab when a = 3 and b = -2. 


Simplify Sy 4) == 3( 10) 


Simplifyss, (12). 7) 


Simplify: (12x)() 


Simplify: —2(2x — 4) 


Simply? | Xe (ey) a Oy. 
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20. 
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22. 
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Simplify: (—3) (-12y) 18. Simplify: 5(3 — 7b) 


Translate “the difference between the squares of a and b” into a variable 
expression. 


Translate “ten times the difference between a number and 3” into a variable 
expression. Then simplify. 


Translate “the sum of a number and twice the square of the number” into 
a variable expression. 


The speed of a pitcher's fastball is twice the speed of the catcher’s return 
throw. Express the speed of the fastball in terms of the speed of the return 
throw. 


Translate “three less than the quotient of six and a number’ into a variable 
expression. 


Translate “b decreased by the product of b and seven” into a variable 
expression. 


A wire is cut into two lengths. The length of the longer piece is 3 in. less 
than four times the length of the shorter piece. Express the length of the 
longer piece in terms of the length of the shorter piece. 
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| Cumulative Review 


11. 
13. 
15. 


I hs 


Add: —4 + 7 + (-—10) 


Multiply: (—2)(3)(—4) 


Write 1 as a decimal. 


Simplify: -, e (25) 


Write + as a percent. 


Simplify: ( 2 (; a Z| 


Simplify: —2x? — (—3x?) + 4x’ 


Simplify: 5(12a) 


Stmpury;3(8°— 2%) 


Pg 


10. 


12. 


14. 


16. 


18. 


Cumulative Review 


Subtract: —16 — (—25) -— 4 


Divide: (—60) + 12 


Siavlhiey ( 2 (S) ( 3) 


Simplity9 27. ((Gi=5)o al 5) 


Evaluate a? — 3b whena = 2 andb = —4. 


Snnplity;5a — 10b — 12a 


Simplify: (- ;) (—36b) 


Sunplitys —2(—3y 4-9) 
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84 


19. 


21. 


23; 


25: 


P27 


28. 


p43), 


30. 


31. 


32. 
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Write 375 % as a fraction. 20. 
Simplify: —4(2x* — 3y’) 22 
Simplify; —3%.— 22xte @) 24. 
Simphity?2x - 3la — 244 — 2x) 26. 


Write 1.05% as a decimal. 


Simplify: —3Gy? — 3y — 7) 


Simplify: 46x > 2) 7G 9) 


Simplity: 312. = 3@ 2) ey, 


Translate “the sum of one-half of b and b” into a variable expression. 


Translate “10 divided by the difference between y and 2” into a variable 


expression. 


Translate “the difference between eight and the quotient of a number and 


twelve” into a variable expression. 


Translate “the sum of a number and two more than the number” into a 


variable expression. Then simplify. 


Translate and simplify “twelve more than the product of three plus a 


number and five.” 


A “triple-speed” CD-ROM drive spins three times faster than a normal 
CD-ROM drive. Express the speed of the “triple-speed” CD-ROM drive in 


terms of that of the normal CD-ROM drive. 
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It is the job of construction electricians to install heating, 
lighting, air conditioning, controls, communications, and 
other types of electrical equipment. Electricians follow 
specifications such as blueprints to connect equipment to 
power sources and circuit breakers. In their work, they must 
apply various algebraic and scientific formulas. One equation 
in Ohm's Law is /R = V, where /is current, Ris resistance, 
and Vis voltage. For example, if / = 10 amps and 

R= 12 ohms, then V= 120 volts. 


Solving Equations 


Objectives 


Section 3.1 
To determine whether a given number is a solution of 
an equation 


To solve an equation of the form x + a= b 
To solve an equation of the form ax = b 


To solve application problems using the basic 
percent equation 


Section 3.2 
To solve an equation of the form ax + b=c 
To solve application problems using formulas 


Section 3.3 

To solve an equation of the form ax + b= cx +d 
To solve an equation containing parentheses 

To solve application problems using formulas 


Section 3.4 
To solve integer problems 
To translate a sentence into an equation and solve 


Section 3.5 
To solve perimeter problems 


To solve problems involving angles formed by 
intersecting lines 


To solve problems involving the angles of a triangle 


Section 3.6 

To solve value mixture problems 
To solve percent mixture problems 
To solve uniform motion problems 


Mersenne Primes 


A prime number that can be written in the form 2” — 1, 
where n is also prime, is called a Mersenne prime. The 
table at the right shows some Mersenne primes. 


Rea tea | 
eae ae | 
Bla 2 a4 
127 = 2’ 1 


Not every prime number is a Mersenne prime. For example, 
5 is a prime number but not a Mersenne prime. Also, not all 
numbers in the form 2” — 1, where n is prime, yield a prime 
number. For example, 2'" — 1 = 2047, which is not a prime 
_ number. 


The search for Mersenne primes has been quite extensive, 
especially since the advent of the computer. One reason for the 
extensive research into large prime numbers (not only 
Mersenne primes) involves cryptology. 


Cryptology is the study of making or breaking secret codes. 
One method of making a code that is difficult to break is called 
public-key cryptology. For this method to work, it is necessary 
to use very large prime numbers. To keep anyone from 
breaking the code, each prime should have at least 200 digits. 


Today, the largest known Mersenne prime is 2°” — 1. 
This number has 2,098,960 digits in its representation. 


Another Mersenne prime got special recognition in a 
postage-meter stamp. It is the number 2"? — 1. This number 
has 3276 digits in its representation. 
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Epialk Introduction to Equations 


Objective A_ To determine whether a given number 


WSU TeT Weed eT pete TTF | te) | PA ten Pea a Aaa Pe es ae (Q) 
POINT OF INTEREST An equation expresses the equality of OFF 3 = 12 
Cerra two mathematical expressions. The expres- _ = PAY) reer 
equations ever stated is sions can be either numerical or variable y +4=2y-1 
E = mc’. This equation, stated expressions. oma De 
by Albert Einstein, shows that 
there is a relationship between ; : : ‘ ‘ 
anes ni and eheray E Aes The equation at the right is true if the vari- x+8=13 
side note, the chemical able is replaced by 5. 5+8=13 A true equation 
element einsteinium was 
named in honor of Einstein. The equation is false if the variable is 7+8=13 A false equation 
replaced by 7. 
A solution of an equation is a number that, when substituted for the variable, 
results in a true equation. 5 is a solution of the equation x + 8 = 13. 7 is nota 
solution of the equation x + 8 = 13. 
=> Is —2 a solution of 2x + 5 = x? — 3? 
TAKE NOTE Lex 3 
The Order of Operations 2(e2) (=); + ® Replace x by —2. 
Agreement applies to — ie eto => * Evaluate the numerical expressions. 
ee 2(—2) + 5 and (eal ® If the results are equal, —2 is a solution of 


the equation. If the results are not equal, 


Yes, —2 is a solution of : : ; 
—2 is not a solution of the equation. 


the equation. 


Example 1 Is —4 a solution of You Try It1 Is - a solution of 
ele ? 
2a te let 5 — 4x = 8x + 2? 


Solution Bye = 2 = Oye ap 7 Your solution 
5(—4) — 2 | 6(—4) + 2 
i= 2 24 +2 
—22) = —22 


Yes, —4 is a solution. 


Example 2. Is —4 a solution of You Try It2 Is 5a solution of 
A+ 5x =x? — 2x? 10x — x? = 3x — 10? 


Solution 4+5x =x? = 2x Your solution 
4 + 5(—4) | (—4)? — 2(-4) 
4 + (—20) Ney Te 
—164 24 


(~ means “is not equal to”) 


No, —4 is not a solution. 
Solutions on p. S4 
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- -——_—- 3 Gl 
Objective B_ To solve an equation of the form X + A= D viecsceecseeereteeeeeecnen (oH) 


To solve an equation means to find a solution of the equation. The simplest 
equation to solve is an equation of the form variable = constant, because the con- 
stant is the solution. 


The solution of the equation x = 5 is 5 because 5 = 5 is a true equation. 


The solution of the equation at the 


Tight is because eb 25.9 iseatrue x+2=9 7+2=9 
equation. 

Note that if 4 is added to each side of x+2=9 

the equation x + 2 = 9, the solution x+2+4=9+4 

is still 7. XO. = 1S 1+. 6= 13 
If —5 is added to each side of the x+2=9 

equation x + 2:9, thessolution™1s (432 ta) 09 Se ey 

still 7. x—-3=4 ye 


Equations that have the same solution are equivalent equations. The equations 
x+2=9,x+6=13, and x — 3 =4 are equivalent equations; each equation 
has 7 as its solution. These examples suggest that adding the same number to 
each side of an equation produces equivalent equations. This is called the 
Addition Property of Equations. 


Addition Property of Equations 


The same number can be added to each side of an equation 


without changing its solution. In symbols, the equation a = b has 
the same solution as the equationa + c= b+. 


In solving an equation, the goal is to rewrite the given equation in the form 
variable = constant. The Addition Property of Equations is used to remove a term 


from one side of the equation by adding the opposite of that term to each side of 
the equation. 


wi Solve: x —4=2 


x-4=2 ® The goal is to rewrite the equation as variable = constant. 
x-4+4=2+4 © Add 4 to each side of the equation. 
x+0=6 ® Simplify. 
= * The equation is in the form variable = constant. 
Check: x — 4 = 
(OW Fe 
2=2 A true equation 


The solution is 6. 


Because subtraction is defined in terms of addition, the Addition Property of 
Equations also makes it possible to subtract the same number from each side of 
an equation without changing the solution of the equation. 
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Example 3 


Solution 
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® The goal is to rewrite the equation in the form 


3 : P 
® Subtract Fi from each side of the equation. 


D 
pees L 
y ake) variable = constant. 
Si nts Lees 
~ = 
Sauipe sieeve D1 A 
— 2 2 - . 
y+0= eer © Simplify. 
meeeds.: 
ara 


© The equation is in the form variable = constant. 


The solution is -<. You should check this solution. 


You Try It 3 


Your solution 


a 
3 
ES 


= we 
to | 
fom 

iW) 


| 
— 
to | 


The solution is —— 


ID- 


Objective C_ To solve an equation of the form ax = b 


5 3 
Solve: ae ae 


Solution on p. S4 


The solution of the equation at the right is 2x = 2°3= 

3 because 2 - 3 = 6 is a true equation. ey 

Note that if each side of 2x = 6 is multi- 5(2x)=5-6 

plied by 5, the solution is still 3. 10x = 30 10-3 = 30 
2x = 6 

If each side of 2x = 6 is multiplied by —4, (—4)(2x) = (—4)-6 

the solution is still 3. —8x = —24 —8:-3=-24 

The equations 2x = 6, 10x = 30, and —8x = —24 are equivalent equations; each 


equation has 3 as its solution. These examples suggest that multiplying each side 
of an equation by the same number produces equivalent equations. 


Multiplication Property of Equations 


Each side of an equation can be multiplied by the same nonzero 
number without changing the solution of the equation. In symbols, 


if c ~ 0, then the equation a = b has the same solutions as the 
equation ac = be. 
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The Multiplication Property of Equations is used to remove a coefficient by mul- 
tiplying each side of the equation by the reciprocal of the coefficient. 


= Solve: = =) 


3 : 
ac =9 © The goal is to rewrite the equation in the form variable = constant. 
sare a -) Multiply each side of the equation b 2 
= © Multi eo =, 
3 A 3 ply q Y3 
| Na aac WP ® Simplify. 
z= 12 ® The equation is in the form variable = constant. 


The solution is 12. You should check this solution. 


Because division is defined in terms of multiplication, each side of an equation 
can be divided by the same nonzero number without changing the solution of the 
equation. 


=> Solve: 6x = 14 


6x = 14 ® The goal is to rewrite the equation in the form variable = constant. 
TAKE NOTE ' 6x 14 
Saas ean ene =a = ae @ Divide each side of the equation by 6. 
solution. 7 
Check: 6x = 14 3G 3 ® Simplify. The equation is in the form variable = constant. 
o(2) 14 Z 
‘eh The solution is % 


When using the Multiplication Property of Equations, multiply each side of the 
equation by the reciprocal of the coefficient when the coefficient is a fraction. 
Divide each side of the equation by the coefficient when the coefficient is an inte- 
ger or decimal. 


3 
Example 4 = You Try It 4 


Solution Your solution 


The solution is —12. 


Example5 Solve: 5x — 9x = 12 You Try It5 Solve: 4x — 8x = 16 


Solution 5x — 9x = 12 Your solution 
—4x = 12 — © Combine like terms. 
—4x 
—4 
x 


The solution is —3. 


Solutions on p. S4 
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Objective D_ To solve application problems using 
He ‘Dasic percent Squation 2.11172.) ./1:) 1000) eI A eveccssccvessenetvocene ‘T10}) 


An equation that is used frequently in mathematics applications is the basic per- 
cent equation. 


Basic Percent Equation 


Percent - Base = Amount 
a 


In many application problems involving percent, the base follows the word “of.” 


»» 20% of what number is 30? 


P-B=A ® Use the basic percent equation. 
0.20B = 30 ® P= 20% = 0.20, A = 30, and Bis unknown. 
wae = ae ® Solve for B. 
0.20 0.20 
B= 150 


The number is 150. 


TAKE NOTE =» 70 is what percent of 80? 

We have written P(80) = 70 d E 

because that is the form of the Prpb e748 ° Use the basic percent equation. 

basic percent equation. We P = 7 e B= = i 

en eee (80) 0 B = 80, A = 70, and Pis unknown. 

The important point is that P(80) _ 70 

each side of the equation is 80. +80 ® Solve for P. 

divided by 80, the coefficient 

of P. P = 0.875 ® The question asked for a percent. 
P = 87.5% Convert the decimal to a percent. 

FONS*87 570,01.00) 
POINT OF INTEREST =» According to the Travel Industry Association of America, a typical traveler's 


total vacation bill is $1442. Of that amount, $735 is paid in cash. To the 


As noted in the problem at } ; : ae j 
nearest percent, what percent of a typical traveler’s vacation bill is paid 


the right, $735 of a typical 
traveler's vacation bill is paid in cash? 
for in cash. Of the remainder 
Bien 2 
prone lo! a0 7a) ts paid by Strategy To determine the percent, use the basic percent equation. 


credit card, $144 (or 10%) is 
paid for in traveler's checks, 
and $130 (or 9%) is paid for in 
personal checks. Solution P-B=A 


P(1442) = 735 
P(1442) 735 
1442 1442 
P~ 0.51 = 51% 


B = 1442, A = 735, and P is unknown. 


A typical traveler pays 51% of the vacation bill in cash. 
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In most cases, you should write the percent as a decimal before solving the basic 
percent equation. However, some percents are more easily written as a fraction. 
For example, 


te -ca ofl et ye il iy 
204 == = == Sfp ae — 83-% == 
Oo ae 605 Lora 3% 


Example 6 You Try It 6 


2S 335% of what number? 18 is 165% of what number? 


Solution Your solution 
P-B=A 


12 is 33—% of 36. 


Example 7 You Try It 7 

In a recent year, 238 U.S. airports collected The federal government ran a deficit of 
$1.1 billion in passenger taxes. Of this $23.1 billion in March of 1997. The deficit 
amount, $88 million was spent on noise in March of 1996 was $47.1 billion. What 
reduction. What percent of the passenger percent of the March 1996 deficit was the 
taxes collected was spent on noise March 1997 deficit? Round to the nearest 
reduction? tenth of a percent. 


Strategy Your strategy 
To find the percent, solve the basic percent 

equation using B = 1.1 billion = 1100 

million and A = 88 million. The percent is 

unknown. 


Solution Your solution 
P-B=A 
P(1100) = 88 
P(1100) ess 
1100 1100 
P = 0.08 


8% of the passenger taxes collected was 
spent on noise reduction. 


Solutions on p. S4 
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3.1 Exercises 


Objective A 


1. Is 4a solution of 
Mee = RP 


4. Is —2 a solution of 
3a — 4 = 10? 


7. Is 5a solution of 
Ree ae) == yee 


10. Is 3 a solution of 
Go eA 3z? 


13. Is —2 a solution of 
m —-4=m + 3? 


16. Is 4a solution of 
x(x +1) =x? 4+ 5? 


19. Is ; a solution of 


4y + 1 = 3? 


Objective B 
Solve and check. 


22 Ee 7] 


26. 2¢a—8 


2. Is 3a solution of 
y+4=7? 
5. Is 1a solution of 
4 —2m = 3? 
8. Is 4a solution of 
3y — 4 = 2y? 
11. Is 2a solution of 
2x2 —1 = 4x — 1? 
14. Is 5a solution of 
Ke (ae 1)? 
17. Is 3 a solution of 
2G — 1) = 3a7 4-32 
2D : 
20) Is 5 a solution of 
5m + 1 = 10m — 32 
23. y+3=9 24. b-4 
272 er = 12 28. 
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mt9=3 


12 


153 


18. 


zie 


Is —1 a solution of 
2b — 1 = 3? 


Is 2 a solution of 
7 — 3n = 2? 


Is 0 a solution of 
Algy ae 5) = 3yar ab SP 


Is —1 a solution of 
y?—1=4y + 3? 


Is —6 a solution of 
(n — 2)? =n? — 4n + 4? 


1 
Is — i a solution of 


8 +1=-1? 


3 
Is 4 a solution of 


Sx 122 


2D? OL OO 


29, te lBQ= 10 
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VG fa 8 35. x-6=-3 36. 2+9=2 37. n+11=1 
A Mere e | O85 40) 02s 41. 10+y=-4 
AG), jh — eee Ve pears Adee 10 45. 9+4a=20 
AGH 7 47, 8 =n +1 48, 427 — 11 49, -6=y—5 
Si, f= ceaae Ml ase s Boe Cha (pe 53. 732.48 
mae eel Peed 
i he i oes] Sw eee 
ss es aes ure xe ee 
ye 5 1 4 2 
58. x-=== Og pt hy abe 
K 5 5 3 y 3 60 oni, 9 
es) ine! es 
61. m+ = —— 62. b+—-=-= Se 
oF az Be cama 
phy oD 5 1 1 2 
64. n+i== 65. ->=%-—— ——~=c-= hl 
= 3 7 x A 66. 4 G 3 g 
= || 
. dtl. = ’ bee = 2 Be | 
67. d+ 1.3619 = 2.0148 w + 2.932 = 4.801 0.813 +x=—-1.096  § 
a 
= 
5 | 
70. —1.926 +t = -1.042 . 6.149 = -3.108 + z 72. 5:237.= =2.014) ge ee 
z 
z 
a 
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Objective C 


Solve and check. 


Ss 


74. 


75. 


Section 3.1 / Introduction to Equations 


3b =0 


76. 


96 


7 


Chapter 3 / Solving Equations 


13s. --2 114. 

117. 10y —3y = 21 118. 

3.47a = 7.1482 a 
Objective D 


125. What is 35% of 80? 


128. 8 is what percent of 5? 


131. 12 is what percent of 50? 


134. What is 25% of 60? 


1 
137. What is 335% of 27? 


140. 10 is what percent of 15? 


143. 12 is what percent of 6? 


5x + 2x = 14 115. 3n+2n = 20 
Yeas eo 119 es 
paca TAG. a 

Dy SO Oss 1930 ie 88k 


126. 


129. 


132. 


135: 


138. 


141. 


144. 


ES 


What percent of 8 is 0.5? 
125% of what is 80? 
What percent of 125 is 50? 


12% of what is 48? 
. 2 
Find 165% of 30. 


60% of what is 3? 


20 is what percent of 16? 


E272 


130. 


135: 


136. 


139. 


142. 


145. 


116. 7d —-4d=9 
Zz 
= = 1.55 
a yas) 
n 
24.) ee 08 
tae 2.65 


Find 1.2% of 60. 
What percent of 20 is 30? 
Find 18% of 40. 


45% of what is 9? 
What percent of 12 is 3? 


75% of what is 6? 


1 
34% of what is 21? 
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146. 


149, 


152, 


155. 


156. 


a57- 


158. 


159. 


161. 
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1 ; 
37 5 7 of what is 15? 147. Find 15.4% of 50. 148. What is 18.5% of 46? 
1 is 0.5% of what? 150. 3 is 1.5% of what? 151. = % of what is 3? 
1 : 
5 of what is 3? 153. Find 125% of 16. 154. What is 250% of 12? 


16.43 is what percent of 20.45? Round to the nearest hundredth of a 
percent. 


Find 18.37% of 625.43. Round to the nearest hundredth. 


A university consists of three colleges: business, engineering, and fine 
arts. There are 2900 students in the business college, 1500 students in 
the engineering college, and 1000 students in the fine arts college. 
What percent of the total number of students in the university are in 
the fine arts college? Round to the nearest percent. 


Approximately 21% of air is oxygen. Using this estimate, deter- : 

ine h any liters of oxygen there are in a room contain- CORSE eer 
oi tecoes hed nae Ny aaa Ye (in millions of dollars) 
ing 21,600 L of air. 


The circle graph at the right represents corporate spending in 
1997 of $6 billion to sponsor events. What percent of the 
amount spent by companies was spent on sports? 


In 1950, 12% of mothers with children under age 6 worked 
outside the home. By 1995, that percent had increased to 64%. Source: YEG Sponsorship Report 
How many more mothers with children under age 6 worked 

outside the home in 1995 than in 1950? 


The Energy Information Administration reports that if every U.S. 
household switched 4 h of lighting per day from incandescent bulbs to 
compact fluorescent bulbs, we would save 31.7 billion kilowatt-hours 
(kWh) a year, or 33% of the total electricity used for home lighting. 
What is the total electricity used for home lighting in this country? 
Round to the nearest tenth of a billion. 
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0 : : 2 
162. To override a presidential veto, at least 665% of the Senate must vote 


to override the veto. There are 100 senators in the Senate. What is the 
minimum number of votes needed to override a veto? 


163. According to Time (March 1997), in 1996 Coca-Cola Company 
@¢ declared its intention to repurchase 206 million shares of the com- 

pany, or 8.3% of the company’s outstanding common stock. How 
= many shares of Coca-Cola Company common stock were outstanding 
a at the time of this announcement? Round to the nearest million. 


164. A Holstein cow in Wisconsin recently set a milk pro- Average Milk Production 
duction record. She averaged 174 lb of milk per day for by U. S. Dairy Cows 
365 days. What percent of the average daily milk produc- oO a » o” 2” 
tion in 1996 was the production by this Wisconsin i = 
Holstein? See the graph at the right. Round to the near- s a 
est percent. g 30 : 
50) = 
— 165. According to Working Woman (July-August 1997), in 3 cal = 
eB @¢ 1996, total consumer spending in the United States was = 10= ce 
. $4.69 trillion. Of that amount, 1.58% was spent on new = 
a cars. In 1986, total consumer spending in the United ©1993 1994 1995 1996 
= States was $3.72 trillion, of which 3.09% was spent on Source: Department of Agriculture 
new Cars. 
a. During which year was more money spent on new 
cars? 


b. How much more? Round to the nearest billion. 


APPLYING THE CONCEPTS 


166. Solve the equation ax = b for x. Is the solution you have written valid 
for all real numbers a and b? 


167. a. Make up an equation of the form x + a = b that has 2 as a solution. 
b. Make up an equation of the form ax = b that has —1 as a solution. 


Sey ae 


2 
168. Solve. a. = 
1 c. 3 yD, 
By, 


Ble |w 


169. Write out the steps for solving the equation x = —3. Identify each 


VA Property of Real Numbers or Property of Equations as you use it. 
170. In your own words, state the Addition Property and the Multiplication 
VA Property of Equations. 


171. Ifa quantity increases by 100%, how many times its original value is 
the new value? 
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Se General Equations—Part | 


Objective A To solve an equation of the form ax + DH Covececeeccccssccceececccescecees 


In solving an equation of the form ax + b = c, the goal is to rewrite the equation 
in the form variable = constant. This requires the application of both the 
Addition and the Multiplication Properties of Equations. 


=> Solve: ae =2= =i) 


4 
The goal is to write the equation in the form variable = constant. 
5 
ae. ri 
4 
3 ; 
4° SP DS ce MN 29 ® Add 2 to each side of the equation. 
TAKE NOTE 
3 it 
Check: a —2=-11 mie tan ® Simplify. 
4 
29) = 4 3 4 
de u oe (9) ® Multiply each side of the equation by J 
29= 2 loon Blot; 2 Me j 
soliarens ca 12 © The equation is of the form variable = constant. 


A true equation ; : 
The solution is —12. 


Example 1 Solve: 3x — 7 = —5 You Try It1 Solve: 5x + 7 = 10 


Solution se = 7S =D Your solution 
3xn —-7+7=-54+7 


The solution is a 


Example 2 Solve: 5 = 9 — 2x You Try It2. Solve: 2 = 11 + 3x 


Solution 5=9-—2x Your solution 
5}-9=9—99 — 2x 
—4 = —-2x 
= ae: 
—2 -2 
2=x 


The solution is 2. _. 
Solutions on pp. S4—S5 
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Example 3 


You Try It 3 


Solve: 2x + 4 — 5x = 10 Solve: x — 5 + 4x = 25 


Solution 
EA SK = 
—3x +4= 
Oc 
—3x = 
=a 
=) 
x= 


10 
10 


Your solution 


® Combine like terms. 


ORE 


The solution is — 


Solution on p. S5 


Objective B_ To solve application problems using formulas ...........::0::c000000 (T9}) 


Markup 


Selling 
Price 


Cost 


In this objective we will be solving application problems using formulas. Two of 
the formulas we will use are related to markup and discount. 


Cost is the price a business pays for a product. Selling price is the price for 
which a business sells a product to a customer. The difference between selling 
price and cost is called markup. Markup is added to the cost to cover the 
expenses of operating a business. The diagram at the left illustrates these terms. 
The total length is the selling price. One part of the diagram is the cost, and the 
other part is the markup. 


When the markup is expressed as a percent of the retailer’s cost, it is called the 
markup rate. 


_ The basic markup equations used by a business are 


Selling price = cost + markup Markup = markup rate - cost 


S CG se JM MM = r AG: 


Substituting r-C for M in the first equation results in S=C+(r-C), or 
S=€ 7G. 


«» The manager of a clothing store buys a jacket for $80 and sells the jacket for 
$116. Find the markup rate. 


S=CH7G ® Use the equation S = C + rc. 
116, = 80 + 80r ® Given: C = $80 and S = $116 
36 = 80r ® Subtract 80 from each side of the equation. 
Ee = uy * Divide both sides of the equation by 80. 
80 ~—- 80 
0.45 =r 


The markup rate is 45%. 
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Discount 
or 
Markdown 
[7m | Regular 
Sale fia | Price 
Price & 


Example 4 
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A retailer may reduce the regular price of a product because the goods are dam- 
aged, odd sizes, or discontinued items. The discount, or markdown, is the 
amount by which a retailer reduces the regular price of a product. The percent 
discount is called the discount rate and is usually expressed as a percent of the 
original selling price (the regular price). 


The basic discount equations used by a business are 


Sale regular ; : discount regular 
eee — discount Discount = age 
price price rate price 


Ss = R -=— D D = i? ik 


Substituting r-R for D in the first equation results in S = R-—(r- R), or 
oO Rk TR: 


»» A portable computer that regularly sells for $1850 is on sale for $1480. Find 
the discount rate. 


S=R-rR ® Use the equation S = R — rR. 
1480 = 1850 — 1850r ® Given: S = $1480 and R = 1850 
—370 = —1850r ° Subtract 1850 from each side of the equation. 
ae = = ® Divide each side of the equation by —1850. 
0.2=r 


The discount rate on the portable computer is 20%. 


You Try It 4 


A markup rate of 40% was used on a A markup rate of 45% was used on an 
refrigerator that has a selling price of $749. outboard motor that has a selling price of 
Find the cost of the refrigerator. Use the $986. Find the cost of the outboard motor. 
formula S = C + 1rC. Use the formula S = C + rc. 


Strategy 
Given: S = $749 


Your strategy 


r = 40% = 0.40 


Unknown: C 


Solution 

Si = Cer. 
749 =C + 0.40C 
749 = 1.40C 
749 1.40C 


1.40 1.40 
535=C 


Your solution 


© €+ 0.406 = 1€ + 0.40C 
® Combine like terms. 


The cost of the refrigerator is $535. 


Solution on p. S5 
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Example 5 

A necklace that is marked down 35% has 
a sale price of $292.50. Find the regular 
price of the necklace. Use the formula 
S=R—rfR. 


Strategy 
Given: S = 292.50 

r = 35% = 0.35 
Unknown: R 


Solution 

S=R-—rR 
292.50 = R — 0.35R 
292.50 = 0.65R 


292.50 _ 0.65R 
0.65 0.65 


450=R 


® R — 0.35R = 1R — 0.352 
® Combine like terms. 


The regular price of the necklace is $450. 


Example 6 

To determine the total cost of production, an 
economist uses the equation T= U- N + F, 
where T is the total cost, U is the unit cost, 
N is the number of units made, and F is the 
fixed cost. Use this equation to find the 
number of units made during a month when 
the total cost was $9000, the unit cost was 
$25, and the fixed cost was $3000. 


Strategy 
Given: T = $9000 
U = $25 
F = $3000 
Unknown: N 


Solution 
T=U-N+F 
9000 = 25N + 3000 
6000 = 25N 
6000 _ 25N 
25 25 
240 =N 


There were 240 units made. 


You Try It 5 

A garage door opener, marked down 25%, is 
on sale for $159. Find the regular price of 
the garage door opener. Use the formula 
S= Krk 


Your strategy 


Your solution 


You Try It 6 
The pressure at a certain depth in the ocean 
can be approximated by the equation 


P=15+ 5D, where P is the pressure in 


pounds per square inch and D is the 
depth in feet. Use this equation to find the 
depth when the pressure is 45 pounds per 
square inch. 


Your strategy 


Your solution 


Solutions on p. S5 
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3.2 Exercises 


Objective A 
Solve and check. 


12 3x 1 = 10 


Sea +9 


Oe OW = 2 


13. 4a—20=0 


LET op ne Pe Wace i ean | 


Dire 7 — 5a 


25,9—sH1— 21 = 0 


29 9 —Ay —'6 


10. 


14. 


18. 


22 


26. 


30. 


4yV+3=11 
i= 12 
Dig OF = a h3 
3y —-9=0 
pd ie 312 
3=11-4n 
— Xe 50.0 
3 = 2 = 0 


9d +10=7 


10 


19. 


Zoe 


PT be 


31. 
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Mei = 5 = 7 


20 1 


8 — 3t=2 


6+ 2b =0 


S250 = 6 


—35 = -6b + 1 


—4y + 15 = 15 


9x -4=0 


WP, 


16. 


24. 


28. 


32. 


id =e eh!) 

i ad t= NS) 
1257 

10 + 5m=0 
13 = — lives 
=84 +3 = —29 
—3x + 19=19 
i= 82.0) 


104 


49. 


S)3)5 


Side 


61. 


65. 


69. 


73. 


81. 


45. 
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IO ieee 4b 7 
5 13 
3 =, = = eee. 
eGenNG 
8= 10x —5 
12x + 19 = 3 
=m -1= 
3 
—->b+4=10 
8 
3c 
ee 
7 8 
11420 =7 
DEG 
7=—+4 
5 


Sy +9 + 2y = 23 


46. 


50. 


54. 


58. 


62. 


66. 


70. 


74. 


78. 


82. 


pecan 
ee aes 
3 
+ —- => — 
epee, 
4 —a2W 
=6vi4 > = 13 
2 
eel ebay 
S! 
2G 
eg | 
4 
3 
4-=2=-2 
42 
i pa 
4c 
Soca eee 
7 


Ise = & = Dee = © 


3=7x+9- 4, 


43. 


47. 


SL. 


55. 


59: 


63. 


67. 


TN 


Tee 


193 


83. 


4a t= 
re 
7=9-— 5a 
—-4x+3=9 
n+7=13 
57253 
3 -iw=-9 
=o 
7 
7-2y=9 


M23 72—9 


-1=5m+7-m 


44. 


48. 


ae 


56. 


60. 


64. 


68. 


ibs. 


76. 


80. 


84. 


pees. 2 

4 a 
8=7d—-1 
8t+13=3 
sa-3=1 
-Sx+1-= 
ae 
S+iy=3 
3-1 
6a +3+2a=11 


2% = 6x- Fal =9 


8 = 4n —6+ 3n 
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SS: lf 2.—3)= 7, evaluatesua 4: 86. If 3x +5 = —4, evaluate 2x — 5. 


87. If 4 — 5x = —1, evaluate x? — 3x + 1. 88. If 2 — 3x = 11, evaluate x* + 2x — 3. 
89. If5x + 3 — 2x = 12, evaluate 4 — 5x. 90. If 2x — 4 — 7x = 16, evaluate x? + 1. 


Objective B= Application Problems 


Solve. Use the markup equation S = C + rC, where S is selling price, C is 
cost, and r is the markup rate. 


91. A watch costing $98 is sold for $156.80. Find the markup rate on the 
watch. 


92. A set of golf clubs costing $360 is sold for $630. Find the markup rate 
on the set of golf clubs. 


93. A markup rate of 40% was used on a basketball with a selling price of 
$82.60. Find the cost of the basketball. 


94. A portable tape player with a selling price of $57 has a markup rate of 
50%. Find the cost of the tape player. 


95. A freezer costing $360 is sold for $520. Find the markup rate. Round to 
the nearest tenth of a percent. 


96. A sofa costing $320 is sold for $479. Find the markup rate. Round to the 
nearest tenth of a percent. 


97. A digitally recorded compact disk has a selling price of $11.90. The 
markup rate is 40%. Find the cost of the CD. 


98. A markup rate of 25% is used on a computer that has a selling price of 
$2187.50. Find the cost of the computer. 
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Solve. Use the discount equation S = R — rR, where S is the sale price, R is 
the regular price, and r is the discount rate. 


99. An oak bedroom set with a regular price of $1295 is on sale for $995. 
Find the discount rate. Round to the nearest tenth of a percent. 


100. A stereo system with a regular price of $495 is on sale for $395. Find 
the markdown rate. Round to the nearest tenth of a percent. 


101. A mechanic’s tool set is on sale for $180 after a markdown of 40% off 
the regular price. Find the regular price. 


102. A battery with a discount price of $65 is on sale for 22% off the regu- 
lar price. Find the regular price. Round to the nearest cent. 


103. A compact disk player with a regular price of $325 is on sale for 
$201.50. Find the markdown rate. 


104. A luggage set with a regular price of $178 is on sale for $103.24. Find 
the discount rate. 


105. A telescope is on sale for $165 after a markdown of 40% off the regu- 
lar price. Find the regular price. 


106. An exercise bike is on sale for $390, having been marked down 25% of 
the regular price. Find the regular price. 


The distance s, in feet, that an object will fall in ¢ seconds is given by 
s = 16t? + vt, where v is the initial velocity of the object in feet per second. 


107. Find the initial velocity of an object that falls 80 ft in 2 s. 


108. Find the initial velocity of an object that falls 144 ft in 3 s. 


A company uses the equation V = C — 6000¢ to determine the depreciated 
value V, after ¢ years, of a milling machine that originally cost C dollars. 
Equations like this are used in accounting for straight-line depreciation. 


109. A milling machine originally cost $50,000. In how many years will the 
depreciated value of the machine be $38,000? 
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110. A milling machine originally cost $78,000. In how many years will the 
depreciated value of the machine be $48,000? 


Anthropologists approximate the height of a primate by the size of its 
humerus (the bone from the elbow to the shoulder) using the equation 
H = 1.2L + 27.8, where L is the length of the humerus and H is the height, 
in inches, of the primate. 


111. An anthropologist estimates the height of a primate to be 66 in. What 
is the approximate length of the humerus of this primate? Round to 
the nearest tenth of an inch. 


112. An anthropologist estimates the height of a primate to be 62 in. What 
is the approximate length of the humerus of this primate? 


Black ice is an ice covering on roads that is especially difficult to see and 

therefore extremely dangerous for motorists. The distance a car traveling 30 

mph will slide after its brakes are applied is related to the outside tempera- 
1 

ture by the formula C = qP — 45, where C is the Celsius temperature and D 

is the distance in feet that the car will slide. 


113. Determine the distance a car will slide on black ice when the outside 
temperature is —3°C. 


114. Determine the distance a car will slide on black ice when the outside 
temperature is —11°C. 


A telephone company estimates that the number N of phone calls per day 
between two cities of population P; and P, that are d miles apart is given by 


: Paso W edie ae 
the equation N = oat ak 


115. Estimate the population (P:) of a city given that the population of a 
second city (P2) is 48,000, the number of phone calls per day between 
the two cities is 1,100,000, and the distance between the cities is 75 mi. 
Round to the nearest thousand. 


116. Estimate the population (P,) of a city given that the population of a 
second city (P2) is 125,000, the number of phone calls per day between 
the two cities is 2,500,000, and the distance between the cities is 50 mi. 
Round to the nearest thousand. 


107 
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The world record time for a 1-mile race can be approximated by the equation 
t = 17.08 — 0.0067y, where ¢ is the time in minutes and y is the year of the 
race. 


117. Approximate the year in which the first “4-minute mile” was run. (The 
actual year was 1954.) Round to the nearest whole number. 


118. In 1985, the world record for a 1-mile race was 3.77 min. For what 
year does the equation predict this record time? Round to the nearest 
whole number. 


APPLYING THE CONCEPTS 


119. A pair of shoes that now sells for $63 has been marked up 40%. Find 
the markup on the pair of shoes. 


120. The sale price of a typewriter is 25% off the regular price. The discount 
is $70. Find the sale price. 


121. The sale price of a television was $180. Find the regular price if the 
sale price was computed by taking one-third off the regular price fol- 
lowed by an additional 15% discount on the reduced price. 


122. A customer buys four tires, three at the regular price and one for 20% 
off the regular price. The four tires cost $323. What was the regular 
price of a tire? 


123. Solve: x + 15 = 25 remainder 10 


124. Does the sentence, “Solve 3x — 4(x — 1)” make sense? Why or why 


Y not? 


125. Explain the steps you would take to solve the equation 3x — 4 = 14. 


VA State the Property of Real Numbers or the Property of Equations that 
is used at each step. 


126. The following problem does not contain enough information for us to 
VA find only one solution. Supply some additional information so that the 
problem has exacily one solution. Then write and solve an equation. 
The sum of two numbers is 15. Find the numbers. 


127. The following problem does not contain enough information. What 
VA additional information is needed to answer the question? 
How many hours does it take to fly from Los Angeles to New York? 
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ao General Equations—Part Il 


Objective A_ To solve an equation of the form ax + b= CX + do ceccccccescccsseeseeee to) 


In solving an equation of the form ax + b = cx +d, the goal is to rewrite the 
equation in the form variable = constant. Begin by rewriting the equation so that 
there is only one variable term in the equation. Then rewrite the equation so that 
there is only one constant term. 


=> Solve: 2x + 3 = 5x -—9 


20 31x 9 


DE 5.0 ea oh ase ve your =) * Subtract 5x from each side of the equation. 
oto © Simplify. There is only one variable term. 
SBbe ap Gy shee) =F ® Subtract 3 from each side of the equation. 
Foie = 2 ® Simplify. There is only ene constant term. 
see ON eeteed 4 
rae = =— ® Divide each side of the equation by —3. 
x=4 © The equation is in the form variable = constant. 


The solution is 4. You should verify this by checking this solution. 


Example 1 Solve: 4x — 5 = 8x — 7 You Try It1 Solve: 5x + 4=6+ 10x 
Solution 4x —-5 =8x —7 Your solution 
BX gS ee OS SK 7 
—4x -5= 
4h — 


é el 
The solution is me 


Solution on p. S5 
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Example 2. Solve: 3x + 4 — 5x = 2 — 4x 
3x 4 = Sel earax 
—2x +4=2-4% 
—2x + 4x +4=2—-— 4x + 4x 
2x +4=2 
2x+4-4=2-4 


Solution 


The solution is —1. 


Objective B_ To solve an equation containing parentheses .............cccccccccccceeees (Ts) 


You Try It2 Solve: 5x — 10 — 3x = 6 — 4x 


Your solution 


Solution on p. S5 


When an equation contains parentheses, one of the steps in solving the equation 
requires the use of the Distributive Property. The Distributive Property is used to 
remove parentheses from a variable expression. 


=> Solve: 4 + 5(2x — 3) = 3(4« — 1) 


4+ 5(2x — 3) = 3(4« = 1) 


4+ 10x 


[S12 3 


lOve 11 = 1253 


AO se Erol ee es 


jhe = i\i| = =3 


gi ge ANUP Soll be oe SI 


——a5 

ee 

—?2 —), 
x= -4 


® Use the Distributive Property. Then simplify. 


® Subtract 12x from each side of the equation. 
© Simplify. 
* Add 11 to each side of the equation. 


© Simplify. 


* Divide each side of the equation by —2. 


* The equation is in the form variable = constant. 


The solution is —4. You should verify this by checking this solution. 
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Example 3 
Solve: 3x — 4(2 — x) = 3(« — 2) — 4 


Solution 
3x — 4(2 — x) = 3(x — 2) — 4 
34 — 8 + 4x = 3x —6-—4 
Txt 8 — ox — 10 
(Oe 6 =) 36 — 3x —"1'0 
4x-— § = —10 
4x-8+8=-10+8 
4x = -2 
ec es 


I 


The solution is =e: 


Example 4 
Solve: 3[2 — 4(2x — 1)] = 4« — 10 


Solution 
3[2 — 4(2x — 1)] = 4x 
3(2 — 8x + 4] = 4« 
316 — 8x] = 4x 
18 — 24x = 4x 
18 — 24x — 4x = 4x 
18°— 28% = —10 
ioe 1 Seer = —10 
—28x = —28 
Joke 20 
=e) = ess 
x= 1 


The solution is 1. 


Example 5 
If 7x = 3x + 12, evaluate 3x? — 7. 


Solution 
Solve 7x = 3x + 12 for x. 


ke = Bee = 172 
Alege == 42 
x=3 

Evaluate 3x* —-7 for x = 3. 
3x? — 7 
3(3)? —~ /=3(9) —7 

= 27 — 7 

— IX) 
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You Try It 3 


Solvewoxy a 4(3.> 24) = 26% — 2) + 6 


Your solution 


You Try It 4 , 
Solve: —2|3x% —15(2x = 3)]'=3x— 8 


Your solution 


You Try It 5 
If 2x = 5x + 6, evaluate —2x + 7. 


Your solution 


111 


Solutions on pp. S5—S6 
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Objective C_ To solve application problems using formulas ............:.:0c0cccce (oO) 
TAKE NOTE A lever system is shown at the right. F, F, 
It consists of a lever, or bar; a ful- 
60 Ib he crum; and two forces, F’, and F,,. The 
yoray ee distance d represents the length of 
the lever, x represents the distance be ~ lever 
eee from F, to the fulcrum, and d — x | fulcrum 
. 10 ft | represents the distance from F, to - d - 
This system balances because the fulcrum. ! 
Exh 0) ow 
60(6) = 90(10 — 6) A principle of physics states that when the lever system balances, 
60(6) = 90(4) Pie= Foe (ad x): 
360 = 360 


Example 6 You Try It 6 

A lever is 15 ft long. A force of 50 lb is A lever is 25 ft long. A force of 45 lb is 
applied to one end’of the lever, and a force applied to one end of the lever, and a force 
of 100 lb is applied to the other end. Where of 80 lb is applied to the other end. Where is 
is the fulcrum located when the system the location of the fulcrum when the system 
balances? balances? 


Strategy Your strategy 
Make a drawing. 


Given: F, = 50 
F, = 100 
d= 15 

Unknown: x 


Solution Your solution 
Puexk — io (aX) 
50x = 100(15 — x) 
50x = 1500 — 100x 
50x + 100x = 1500 — 100x + 100x 
150x = 1500 
150x 1500 


150 150 
x= 10 


The fulcrum is 10 ft from the 50-pound 
force. 


Solution on p. S6 } 
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3.3 Exercises 


Objective A 


. Solve and check. 


1. 


10. 


16. 


19. 


Ze. 


2D: 


28. 


30. 


32. 


13. 


8x + 5 = 4x + 13 Daw Ove? = yl Keney ene BE by oe) 
13) = 4b. — 19 yee slishe = eerie al} (Sy) heh is) = 4p = PND) 
Sx x 8. in = 2'=6 —3n De eee 
4y — 2 = -16 - 3y 11. 26+3=5b+12 12. m+4=3m+8 
git rn teks mares 14. 544+ 7=2a+7 < Cio = Sax 
10>—4n = 16 =n Ae tee al 18. 3-—2y=15 + 4y 
2x —-4= 6x 20.. 2b. 10 76 21. 8m = 3m + 20 

Sy = 5y + 16 235-8) +5 =5b'+7 2450 Oy mali 2y 142 
ApoE = 40> 13 26. 2ya pl Sey Zi Lite = Ons 
If 5x = 3x — 8, evaluate 4x + 2. 29. If7x +3 = 5x — 7, evaluate 3x — 2. 
Depa evaluate 4a’ — 2a + 1. 31. If1— 5c = 4 — 4c, evaluate 3c” — 4c + 2. 


If 2y + 3 =5 — 4y, evaluate 6y — 7. 
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33. If3z+1=1 — 5z, evaluate 3z* — 7z + 8. 
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Objective B 


Solve and check. 


34. 5x + 2(x + 1) = 23 355 6y + 2@y +3) = 16 36. 9n — 3(2n — 1) = 15 
37.. 12x — 2(4x — 6) = 28 38. 7a — (3a — 4) = 12 39. 9m — 4(2m — 3) = 11 
40. 5(3 — 2y)+ 4y =3 41. 4(1 — 3x) + 7x =9 42. 5y—3=7+749 —2) 
43. 54+ 2(3b+1)=3b+5 44. 6 —- 4(3a — 2) =2(a + 5) 45. 7 — 324 — 5) =3a 
46. 2a-—5=4G6a+1)-2 475.95 = (9 —6x) = 27-2 48. 7—(5 = 8x) =4x% +3 
49. 3[2 — 4(y — 1)] = 3(2y + 8) 50. 5|2 — 2x —"4)| = 26-43) 
Bie eae (ne 1) —=2Ga + 4) 528 5 + 3[1 + 20x =3)) 2 0G Ss 
53. —2[4 — Gb + 2)]=5 — 2(8b + 6) 54, —4[x — 2(2x —3)|+1=2*% —3 
|| 
al 
z 
all 
| 
ge) 
555 i430 = 205), 56. If9 — 5x = 12 — (6x + 7), 2 
evaluate a? + 7a. evaluate x* — 3x — 2. Z| 
et 
i 
Bal} 
Beil 
S| 
Ze 2 : 
57. If2z —5 = 3(4z + 5), evaluate : 58. If 3n — 7 = 5(2n + 7), evaluate see 3 
(= 2) (20-6) 8 
@' 
ey 
| 
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Objective C Application Problems 
Solve. Use the lever system equation Fix = Fx(d — x). 


59. A lever 10 ft long is used to move a 100-pound rock. The fulcrum is 
placed 2 ft from the rock. What force must be applied to the other 
end of the lever to move the rock? 


60. An adult and a child are on a seesaw 14 ft long. The adult weighs 175 
lb and the child weighs 70 lb. How many feet from the child must the 
fulcrum be placed so that the seesaw balances? 


61. Two people are sitting 15 ft apart on a seesaw. One person weighs 
180 lb. The second person weighs 120 lb. How far from the 180- 
pound person should the fulcrum be placed so that the seesaw bal- 
ances? 


62. Two children are sitting on a seesaw that is 12 ft long. One child 
weighs 60 lb. The other child weighs 90 lb. How far from the 90-pound 
child should the fulcrum be placed so that the seesaw balahces? 


63. In preparation for a stunt, two acrobats are standing on a plank 18 ft 30 y 
long. One acrobat weighs 128 lb and the second acrobat weighs 160 
lb. How far from the 128-pound acrobat must the fulcrum be placed 
so that the acrobats are balanced on the plank? 


64. Ascrewdriver 9 in. long is used as a lever to open a can of paint. The 
tip of the screwdriver is placed under the lip of the can with the ful- 
crum 0.15 in. from the lip. A force of 30 lb is applied to the other end 
of the screwdriver. Find the force on the lip of the can. 


65. A metal bar 8 ft long is used to move a 150-pound rock. The fulcrum 
is placed 1.5 ft from the rock. What minimum force must be applied 
to the other end of the bar to move the rock? Round to the nearest 


tenth. 


To determine the breakeven point, or the number of units that must be 
sold so that no profit or loss occurs, an economist uses the formula 
Px = Cx + F, where P is the selling price per unit, x is the number of units 
that must be sold to break even, C is the cost to make each unit, and F is 


the fixed cost. 
66. A business analyst has determined that the selling price per unit for 


a laser printer is $1600. The cost to make the laser printer is $950, 
and the fixed cost is $211,250. Find the breakeven point. 


EAR Ts IE TS PE 


116 


69. 


70. 


68. 
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A business analyst has determined that the selling price per unit for a 
gas barbecue is $325. The cost to make one gas barbecue is S175, ald 
the fixed cost is $39,000. Find the breakeven point. 


A manufacturer of thermostats determines that the cost per unit for a 
programmable thermostat is $38 and that the fixed cost is $24,400. The 
selling price for the thermostat is $99. Find the breakeven point. 


A manufacturing engineer determines that the cost per unit for a desk 
lamp is $12 and that the fixed cost is $19,240. The selling price for the 
desk lamp is $49. Find the breakeven point. 


A manufacturing engineer determines the cost to make one compact 
disk to be $3.35 and the fixed cost to be $6180. The selling price for each 
compact disk is $8.50. Find the number of compact disks that must be 
sold to break even. 


To manufacture a softball bat requires two steps. The first step is to cut 
a rough shape. The second step is to sand the bat to its final form. The 
cost to rough-shape a bat is $.45, and the cost to sand a bat to final form 
is $1.05. The total fixed cost for the two steps is $16,500. How many 
softball bats must be sold at a price of $7.00 to break even? 


APPLYING THE CONCEPTS 


PS: 


TES 


74. 


VB) 


Write an equation of the form ax + b=cx +d that has 4 as the 
solution. 


Solve. If the equation has no solution, write “no solution.” 


3(2x — 1) — (6x -— 4) = -9 


7(3x + 6) — 4(3 + 5x) =13 +x 
1 1 
5 (25 = 10a) + 4 =— (12a — 15) + 14 


5[m + 2(3 — m)] = 3[2(4 — m) -— 5] 


The equation x = x + 1 has no solution, whereas the solution of the 
equation 2x + 3 = 3 is zero. Is there a difference between no solution 
and a solution of zero? Explain your answer. 


Archimedes supposedly said, “Give me a long enough lever and I can 
move the world.” Explain what Archimedes meant by that statement. 
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3.4 Translating Sentences into Equations 


Objective A To Solve integer problems .........ccccccccceccscesseccescescesesssscesesesceseesenees ¢a) | 


An equation states that two mathematical expressions are equal. Therefore, to 
translate a sentence into an equation requires recognition of the words or 
phrases that mean “equals.” Some of these phrases are listed below. 


equals 

is 

is equal to ; translate to = 
amounts to 

represents 


Once the sentence is translated into an equation, the equation can be solved by 
rewriting the equation in the form variable = constant. 


Translate “five less than a number is thirteen” into an equation and solve. 


The unknown number: n ® Assign a variable to the unknown number. 
Five less than | . hi ® Find two verbal expressions for the same 
ber 1S thirteen 
ee Hee value. 
TAKE NOTE 
= 13 ® Write a mathematical expression for each 
pes ee solute verbal expression. Write the equals sign. 
translation problem. 
Check: i Dir Oya DS ® Solve the equation. 
5 less than 18 is 13 aes 
18757 13 
13 = 13 
The number is 18. 
Recallithatsthwedmtesers areitmhe mumbers..-) a4) ee Oak, 5 ee 


An even integer is an integer that is divisible by 2. Examples of even integers are 
—8, 0, and 22. An odd integer is an integer that is not divisible by 2. Examples 
of odd integers are —17, 1, and 39. 


Consecutive integers are integers that Tiel rs 
follow one another in order. Examples —8, —7, -—6 
of consecutive integers are shown at the nn+i1,n+2 


right. (Assume that the variable 1 repre- 
sents an integer.) 


Examples of consecutive even integers 24, 26, 28 

are shown at the right. (Assume that the —10, —8, —6 
TAKE NOTE variable n represents an even integer.) nn+2,n+4 
Both consecutive even and 
consecutive odd integers are Examples of consecutive odd integers (Owe les 
represented using 0, + 2, are shown at the right. (Assume that the = ales 
Dechert variable n represents an odd integer.) OO Me eA | Mis a 
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»» The sum of three consecutive odd integers is forty-five. Find the integers. 


Strategy 
e First odd integer: n * Represent three consecutive 
Second odd integer: n + 2 odd integers. 


Third odd integer: n + 4 
e The sum of the three odd integers is 45. 


Solution 
n+(n+2)+ (n+ 4) =45 * Write an equation. 
3n +6=45 * Solve the equation. 
3n = 39 
n= 13 ® The first odd integer is 13. 
mt 2=13+2=15 * Find the second odd integer. 
n+4=13+4=17 * Find the third odd integer. 


The three consecutive odd integers are 13, 15, and 17. 


Example 1 You Try It 1 

The sum of two numbers is sixteen. The The sum of two numbers is twelve. The total 

difference between four times the smaller of three times the smaller number and six 

number and two is two more than twice the amounts to seven less than the product of 

larger number. Find the two numbers. four and the larger number. Find the two 
numbers. 


Solution Your solution 
The smaller number: n 
The larger number: 16 — n 


The difference two more 
between four times | 1s | than twice 
the smaller and two | the larger 


gy — = DA) =) 2 
WA = 2 = 32 = Ma ar 2 
4n —2 = 34 -2n 
4n + 2n — 2 => 34 — 2n + 2n 
6n — 2 = 34 
6n —2+2=34+2 
6n = 36 
6n 36 
6 6 
n=6 16-7 = 16—6= 10 


The smaller number is 6. 
The larger number is 10. 


Solution on p. S6 
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Example 2 You Try It 2 

Find three consecutive even integers such Find three consecutive integers whose sum 
that three times the second equals four more is negative six. 

than the sum of the first and third. 


Strategy Your strategy 
First even integer: 1 
Second even integer: n + 2 
Third even integer: n + 4 
Three times the second equals four more 
than the sum of the first and third. 


Solution Your solution 
3(n+2)=n+(n+4+4 
3n +6=2n+ 8 
3n — 2n +6=2n —2n+ 8 
n+6=8 
n=2 
W+2—2+2=4 
n+4=2+4=6 


The three integers are 2, 4, and 6. 
Solution on p. S6 


Objective B_ To translate a sentence into 


an OQGUATION; ANGiSOIVE Fhe sites cs skeor reside rae ee (("}) 


Example 3 You Try It 3 

A wallpaper hanger charges a fee of $25 plus The fee charged by a ticketing agency for a 
$12 for each roll of wallpaper used in a concert is $3.50 plus $17.50 for each ticket 
room. If the total charge for hanging purchased. If your total charge for tickets is 
wallpaper is $97, how many rolls of $161, how many tickets are you purchasing? 
wallpaper were used? 


Strategy Your strategy 
To find the number of rolls of wallpaper 
used, write and solve an equation using n 
to represent the number of rolls of 


wallpaper used. 


Solution Your solution 


$25 plus $12 for each | ; 
roll of wallpaper is | $97 


25 + 12n = 97 
12n = 72 
ie 12 
12 12 

n=6 


6 rolls of wallpaper were used. 


Solution on p. SO 
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Example 4 

A board 20 ft long is cut into two pieces. 
Five times the length of the shorter piece is 
2 ft more than twice the length of the longer 
piece. Find the length of each piece. 


Strategy 

Let x represent the length of the shorter 
piece. Then 20 — x represents the length 
of the longer piece. 


Make a drawing. 


To find the lengths, write and solve an 
equation using x to represent the length of 
the shorter piece and 20 — x to represent the 
length of the longer piece. 


Solution 


Five times the ae 2 ft more than 
shorter piece ‘twice the longer 


5x = 2(220 — x) + 2 

5x = 40 —- 2x +2 

5x = 42 — 2x 
Da ee 

7x = 42 

7x 42 

7 7 

x=6 


20 —-x =20-6= 14 


The shorter piece is 6 ft. 
The longer piece is 14 ft. 


You Try It 4 

A wire 22 in. long is cut into two pieces. The 
longer piece is 4 in. more than twice the 
shorter piece. Find the length of each piece. 


Your strategy 


Your solution 


Solution on p. S6 
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3.4 Exercises 


Objective A 


In Exercises 1 to 19, translate into an equation and solve. 


1. 


10. 


11. 


12. 


13; 


The difference between a number and fifteen is seven. Find the number. 


The sum of five and a number is three. Find the number. 


The product of seven and a number is negative twenty-one. Find the 
number. 


The quotient of a number and four is two. Find the number. 


The difference between nine and a number is seven. Find the number. 


Three-fifths of a number is negative thirty. Find the number. 


The difference between five and twice a number is one. Find the 
number. 


Four more than three times a number is thirteen. Find the number. 


The sum of twice a number and five is fifteen. Find the number. 


The difference between nine times a number and six is twelve. Find the 
number. 


Six less than four times a number is twenty-two. Find the numbet. 


Four times the sum of twice a number and three is twelve. Find the 
number. 


Three times the difference between four times a number and seven is 
fifteen. Find the number. 


121 


122 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


P22Y, 


24. 


25% 


26. 


P29 
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Twelve is six times the difference between a number and three. Find the 
number. 


Twice the difference between a number and twenty-five is three times 
the number. Find the number. 


The sum of two numbers is twenty. Three times the smaller is equal to 
two times the larger. Find the two numbers. 


The sum of two numbers is fifteen. One less than three times the 
smaller is equal to the larger. Find the two numbers. 


The sum of two numbers is fourteen. The difference between two times 
the smaller and the larger is one. Find the two numbers. 


The sum of two numbers is eighteen. The total of three times the 
smaller and twice the larger is forty-four. Find the two numbers. 


The sum of three consecutive odd integers is fifty-one. Find the integers. 
Find three consecutive even integers whose sum is negative eighteen. 


Find three consecutive odd integers such that three times the middle 
integer is one more than the sum of the first and third. 


Twice the smallest of three consecutive odd integers is seven more than 
the largest. Find the integers. 


Find two consecutive even integers such that three times the first equals 
twice the second. 


Find two consecutive even integers such that four times the first is three 
times the second. 


Seven times the first of two consecutive odd integers is five times the 
second. Find the integers. 


Find three consecutive even integers such that three times the middle 
integer is four more than the sum of the first and third. 
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Objective B_ Application Problems 


Write an equation and solve. 


Zoe 


29; 


30. 


St: 


32: 


33: 


34. 


35. 


36. 


The processor speed of a personal computer is 80 megahertz (mHz). 
This is one-third of the processor speed of a newer model personal com- 
puter. Find the processor speed of the newer personal computer. 


The storage capacity of a hard-disk drive is 0.5 gigabyte. This is one- 
fourth of the storage capacity of a second hard-disk drive. Find the stor- 
age capacity of the second hard-disk drive. 


A union charges monthly dues of $4.00 plus $.15 for each hour worked 
during the month. A union member's dues for March were $29.20. How 
many hours did the union member work during the month of March? 


A technical information hotline charges a customer $9.00 plus $.50 per 
minute to answer questions about software. How many minutes did a 
customer who received a bill for $14.50 use this service? 


The total cost to paint the inside of a house was $1346. This cost 
included $125 for materials and $33 per hour for labor. How many 
hours of labor were required to paint the inside of the house? 


The cellular phone service for a business executive is $35 per month 
plus $.40 per minute of phone use. In a month when the executive’s cel- 
lular phone bill was $99.80, how many minutes did the executive use 
the phone? 


A computer screen consists of tiny dots of light called pixels. In a cer- 
tain graphics mode, there are 640 horizontal pixels. This is 40 more 
than 3 times the number of vertical pixels. Find the number of vertical 
pixels. 


The cost of electricity in a certain city is $.08 for each of the first 300 
kWh (kilowatt-hours) and $.13 for each kilowatt-hour over 300 kWh. 
Find the number of kilowatt-hours used by a family with a $51.95 elec- 
tric bill. 


A 12-foot board is cut into two pieces. Twice the length of the shorter 
piece is 3 ft less than the longer piece. Find the length of each piece. 
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» 37. A 14-yard fishing line is cut into two pieces. Three times the length of 
. the longer piece is four times the length of the shorter piece. Find the 
length of each piece. 


38. Seven thousand dollars is divided into two scholarships. Twice the 
amount of the smaller scholarship is $1000 less than the larger schol- 
arship. What is the amount of the larger scholarship? 


39. An investment of $10,000 is divided into two accounts, one for stocks 
and one for mutual funds. The value of the stock account is $2000 less 
than twice the value of the mutual fund account. Find the amount in 
each account. 


APPLYING THE CONCEPTS 


40. Make up a word problem that has either the solution of the equation 
VA 6x = 124 or the solution of the equation 8x + 120 = 300 as the answer 
to a problem. 


41. A formula is an equation that relates variables in a known way. Find two 
VA examples of formulas that are used in your college major. Explain what 
each of the variables represents. 


An equation that is never true is called a contradiction. For example, 
x =x + 1 is a contradiction; there is no value of x that will make the equa- 
tion true. An equation that is true for all real numbers is called an identity. 
The equation x + x = 2x is an identity; this equation is true for any real num- 
ber. A conditional equation is one that is true for some real numbers and 
false for some real numbers. The equation 2x = 4 is a conditional equation; 
this equation is true when x is 2 and false for any other real number. 
Determine whether each equation below is a contradiction, an identity, or a 
conditional equation. If it is a conditional equation, find the solution. 


42. 6x +2=5 + 3(2x — 1) 43, 3 — 2(4x + 1)=5 + 8(1 — x) 
B 44. 32-56 + 1)=22-)-9 45. 6+ 4(2y + 1)=5 - By 
| 46. 3v-2=5v-224+¥) a7) nOR=S2 


_ 48. It is always important to check the answer to an application problem to 
i Y be sure the answer makes sense. Consider the following problem. A 4- 

quart mixture of fruit juices is made from apple juice and cranberry 
- juice. There are 6 more quarts of apple juice than of cranberry juice. 
Write and solve an equation for the number of quarts of each juice used. 
Does the answer to this question make sense? Explain. 
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3.0 Geometry Problems 


- 


Objective A To solve perimeter problems 


POINT OF INTEREST 


Leonardo da Vinci painted the 
Mona Lisa on a rectangular 
canvas whose height was 
approximately 1.6 times its 
width. Rectangles with these 
proportions, called golden 
rectangles, were used 
extensively in Renaissance art. 


PPP eee eee eee ee ee ee eee ee ey 
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The perimeter of a plane geometric figure is a measure of the distance around 
the figure. Perimeter is used in buying fencing for a lawn or determining how 


much baseboard is needed for a room. 


The perimeter of a triangle is the 
sum of the lengths of the three sides. 
Therefore, if a, b, and c represent the 
lengths of the sides of a triangle, the 
perimeter, P, of the triangle is given by 
P=at+bte. 


C 


P=a+b+ce 


Two special types of triangles are shown below. An isosceles triangle has 
two sides of equal length. The three sides of an equilateral triangle are of 


equal length. 


Isosceles triangle 
AG= bE 


The perimeter of a rectangle is the sum 
of the lengths of the four sides. Let L 
represent the length and W represent 
the width of a rectangle. Then the 
perimeter, P, of the rectangle is given 
by P=L+W+L+W. After com- 
bining like terms, the formula is 
P =2L + 2W. 


A square is a rectangle in which each 
side has the same length. Let s repre- 
sent the length of each side of a square. 
Then the perimeter, P, of the square is 
given by P=s +s +s +5. After com- 
bining like terms, the formula is P = 4s. 


A B 
Equilateral triangle 
AB=AC=BC 


L 
IDL AN 


Formulas for Perimeters of Geometric Figures 


Perimeter of a triangle 


Perimeter of a rectangle 
Perimeter of a square 


P= As 


P=a+b+c 
P=2L+ 2W 
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> The perimeter of a rectangle is 26 ft. The length of the rectangle is 1 ft more 
than twice the width. Find the width and length of the rectangle. 


Strategy 


e Width: W 
Length: 2W + 1 


2W + | 


W e Use the formula for the 
perimeter of a rectangle. 


Solution 


Po 2a WV 


26 = 2(22W + 1) + 2W 


26 =4W+2+ 2W 


26 = 6W + 2 
24 = 6W 
4=W 
L=2W+1 


=2(4)+1=8+1=9 


© Let a variable represent the width. 
Represent the length in terms of that variable. 


© P= 26. Substitute 2W + 1 for L. 

® Use the Distributive Property. 

© Combine like terms. 

® Subtract 2 from each side of the equation. 
® Divide each side of the equation by 6. 


® Find the length of the rectangle by 
substituting 4 for Win 2W + 1. 


The width is 4 ft. The length is 9 ft. 


Example 1 

The perimeter of an isosceles triangle is 

25 ft. The third side of the triangle is 2 ft 
less than the length of one of the equal 
sides. Find the measures of each of the three 
sides of the triangle. 


Strategy 
Each equal side: x 
Ab NS jdavigel steleege = 
Use the equation for the perimeter of a 
triangle. 


Solution 
P=atb+t+c 
Di Late Ce ee?) 
DS pno hn 
27 = 3x 

9=x 


= 2=9- 2 7 


Each of the equal sides measures 9 ft. 
The third side measures 7 ft. 


You Try It 1 

A carpenter is designing a square patio with 
a perimeter of 52 ft. What is the length of 
each side? 


Your strategy 


Your solution 


Solution on p. S7 


Copyright © Houghton Mifflin Company. All rights reserved. 


Mifflin Company. All rights reserved. 


Houghton 


Copyright © 


Section 3.5 / Geometry Problems 127 


Objective B_ To solve problems involving angles formed by 
Pi CTe PeetT Cs WIT Ce Meeeencren By 3 ett tent ee A eee eee CT 


A unit used to measure angles is the degree. The symbol for degree is °. Z is the 
symbol for angle. 


One complete revolution is 360°. It is probable that the Babylonians chose 360° 
for a circle because they knew that there were 365 days in one year, and 360 is 
the closest number to 365 that is divisible by many numbers. 

A 90° angle is called a right angle. The 


symbol & represents a right angle. Angle C 90° 
(ZC) is a right angle. 


A 180° angle is called a straight angle. The 180° 


angle at the right is a straight angle. i a a 


An acute angle is an angle whose measure 
is between 0° and 90°. ZA at the right is an 
acute angle. 


An obtuse angle is an angle whose measure 
is between 90° and 180°. 2B at the right is = 
an obtuse angle. ue 


Complementary angles are two angles 
whose measures have the sum 90°. 
Oe 
LD + LE = 70° + 20° = 90° bs pe a0: 


ZD and ZE are complementary angles. 

Supplementary angles are two angles 130° 

whose measures have the sum 180”. 50° 
F G 

ZF + ZG = 130° + 50° = 180° 


ZF and ZG are supplementary angles. 


= Given the diagram at the left, find x. 


Strategy 


The sum of the measures of the three angles is 360°. 
To find x, write an equation and solve for x. 


Solution 
3x + 4x + 5x = 360° 
(Dee = Byer 
a6 — BU 


The measure of x is 30°. 
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Parallel lines never meet. The distance > /, 
between them is always the same. The sym- 
bol || means “is parallel to.” In the figure at = ey 


the right; ¢, || £.. 


Perpendicular lines are intersecting lines 
that form right angles. The symbol | means 
“is perpendicular to.” In the figure at the 
right, p 1 q. 


Four angles are formed by the intersection of two lines. If the two lines are per- 
pendicular, each of the four angles is a right angle. If the two lines are not per- 
pendicular, then two of the angles formed are acute angles and two of the angles 
are obtuse angles. The two acute angles are always opposite each other, and the 
two obtuse angles are always opposite each other. 


In the figure at the right, Zw 
and Zy are acute angles, and 2x 
and Zz are obtuse angles. 


Two angles that are on opposite 
sides of the intersection of two ; 
lines are called vertical angles. Vertical angles have the same measure. 


Vertical angles have the same 


Lw = Ly 
measure. Zw and Zy are verti- ee 
_cal angles. 7x and Zz are verti- 
cal angles. 
Two angles that share a com- di 2 : ’ 
mon side are called adjacent A pa: angles of intersecting lines are 
angles. For the figure shown supplementary angles. 
above, 2x and /y are adjacent Zx + Ly = 180° 
angles, as are Zy and Zz, Zz JEN) 4 t Lz = 180° = | 
and! 42Ww, ands 212 and) Lz + /w = 180° 5 | 
Adjacent angles of intersecting LEM to 5 | 
lines are supplementary angles. 2 | 
= | 
| 
hae a 
; k ~» In the diagram at the left, 7b = 115°. Find the measures of angles a,c, and d. 3 | 
; E 
| Za + Lb = 180° ® Za is supplementary to 7b because 7a and 7b g | 
g ‘ rath an Ais == 10} are adjacent angles of intersecting lines. 5 
a La = 65° ei | 
: 6 | 
, fe 
yp = 650 o- 
ZC = 65 * 2c = Za because /c and Za are vertical angles. a 
(eo) 5 | 
Ld = 115 ® (d= /b because /d and / bare vertical angles. 3 
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A line that intersects two other lines at 
different points is called a transver- 
sal. If the lines cut by a transversal ¢ 
are parallel lines and the transversal is 
not perpendicular to the parallel lines, 
all four acute angles have the same 
measure and all four obtuse angles 
have the same measure. In the figure 
at the right, 


Lb=Ld=Lx= Lz 
HO OSE N= JES 


Alternate interior angles are two 
angles that are on opposite sides of 
the transversal and between the lines. 
In the figure above, Zc and Zw are 
alternate interior angles, and 2d and 
Zx are alternate interior angles. 
Alternate interior angles have the 
same measure. 


Alternate exterior angles are two 
angles that are on opposite sides of 
the transversal and outside the paral- 
lel lines. In the figure above, Za and 
Zy are alternate exterior angles, and 
Ab wand Az—are Valtermate exterior 
angles. Alternate exterior angles have 
the same measure. 


Corresponding angles are two angles 
that are on the same side of the trans- 
versal and are both acute angles or are 
both obtuse angles. In the figure 
above, the following pairs of angles 
are corresponding angles: Za and 
LW eLoeand a, 2b and 2x, and 46 
and Zy. Corresponding angles have 
the same measure. 
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Alternate interior angles have the 
same measure. 


Zc = Zw 
LEE AX 


Alternate exterior angles have the 
same measure. 


Zo 
J [oy = x 


Corresponding angles have the 
same measure. 


EMD == EM: 
Ld = 22 
Yep =X 
JME = EN) 


» In the diagram at the left, ¢, || €. and Zf = 58°. Find the measures of Za, Zc, 


and Zd. 
La = Lf = 58° * /aand /f are corresponding angles. 
Lo = Lf = 58° ® Zcand Zf are alternate interior angles. 
Zd + Za = 180° ® /d is supplementary to 7 a. 
Zd + 58° = 180° 

Zd = 122° 


130 
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Example 2 
Find the complement of a 39° angle. 


Strategy 

To find the complement, let x represent the 
complement of a 39° angle. Use the fact that 
complementary angles are two angles whose 
sum is 90° to write an equation. Solve for x. 


Solution 
x + 39° = 90° 
eS SI 


The complement of a 39° angle is a 
51° angle. 


Example 3 
Find x. 


Strategy 

The angles labeled are adjacent angles of 
intersecting lines and are, therefore, 
supplementary angles. To find x, write an 
equation and solve for x. 


Solution 
A(x = 70°) = 180° 
2x + 70° = 180° 
2x = 110° 
Ku Or 


Example 4 
Given ¢, || €,, find x. 


Strategy 

3x = y because corresponding angles have 
the same measure. y + (x + 40°) = 180° 
because adjacent angles of intersecting lines 
are supplementary angles. Substitute 3x for 
y and solve for x. 


Solution 
36 (402) 
4x + 40° 
4x 
x= 


You Try It 2 
Find the supplement of a 107° angle. 


Your strategy 


Your solution 


You Try It 3 
Find x. 


Your strategy 


Your solution 


You Try It 4 
Given , || €,, find x. 


Your strategy 


Your solution 


Solutions on p. S7 
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Objective C_ To solve problems involving the angles 
0) Peck A ELIT? | (ieee ata eek oy PUM Pied SPEC PUR PE EEE re EEE a 


If the lines cut by a transversal are not parallel 
lines, the three lines will intersect at three 
points. In the figure at the right, the transversal 
t intersects lines p and q. The three lines inter- 
sect at points A, B, and C. The geometric figure 
formed by AB, BC, and AC is a triangle. 


The angles within the region enclosed by the tri- 
angle are called interior angles. In the figure at 
the right, angles a, b, and c are interior angles. 
The sum of the measures of the interior angles 
is'30= 


Za+ Zb+ Ze = 180° 


The Sum of the Measures of the Interior Angles of 
a Triangle 


The sum of the measures of the interior angles of a triangle 
is 180°. 


An angle adjacent to an interior angle is an exte- 
rior angle. In the figure at the right, angles m m 
and n are exterior angles for angle a. The sum of 
the measures of an interior and an exterior 
angie is 180°. 
Za + Zm = 180° 
Za + Zn = 180° 


mp Given that Zc = 40° and Ze = 60°, find the 
measure of /d. 


Za = Ze = 60° © /aand /e are vertical angles. 


Zo +Za+ Zb = 180° @ The sum of the interior angles is 180°. 
40° + 60° + Zb = 180° 
100° + Zb = 180° 


Zb = 80° 
Zb + Zd = 180° ® / band Zd are supplementary angles. 
80° + Zd = 180° 
Zd = 100° 
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Example 5 
Given that-2.@ 1452 and 77 — 100°, find the 
measures of angles b, c, and y. 


Strategy 
To find the measure of 2b, use the fact 
that 2b and Zx are supplementary angles. 
To find the measure of Zc, use the fact 
that the sum of the measures of the 
interior angles of a triangle is 180°. 
To find the measure of Zy, use the fact 
that Zc and Zy are vertical angles. 


Solution 
PA ae gang Ide 
Zb + 100° = 180° 
7b =80° 


Za+Zb+ Zc = 180° 
45° + 80° + Zc = 180° 
125°" Ze = 180° 


cc 


LILO = NOY 


Example 6 ; 
Two angles of a triangle measure 43° and 
86°. Find the measure of the third angle. 


Strategy 

To find the measure of the third angle, use 
the fact that the sum of the measures of the 
interior angles of a triangle is 180°. Write an 
equation using x to represent the measure of 
the third angle. Solve the equation for x. 


Solution 
x + 43° + 86° = 180° 
x + 129° = 180° 
x= 51° 


The measure of the third angle is 51°, 


You Try It 5 
Given that Zy = 55°, find the measures of 
angles a, b, and d. 


Your strategy 


Your solution 


You Try It 6 

One angle in a triangle is a right angle, and 
one angle measures 27°. Find the measure 
of the third angle. 


Your strategy 


Your solution 


Solutions on p. S7 
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3.5 Exercises 


Objective A 


1. In an isosceles triangle, the third side is 50% of the length of one of the 
equal sides. Find the length of each side when the perimeter is 125 ft. 


2. In an isosceles triangle, the length of one of the equal sides is 3 times 
the length of the third side. The perimeter is 21 m. Find the length of 
each side. 


3. The perimeter of a rectangle is 42 m. The length of the rectangle is 3 m 
less than twice the width. Find the length and width of the rectangle. 


4. The width of a rectangle is 25% of the length. The perimeter is 250 cm. 
Find the length and width of the rectangle. 


5. The perimeter of a rectangle is 120 ft. The length of the rectangle is 
twice the width. Find the length and width of the rectangle. 


6. The perimeter of a rectangle is 50 m. The width of the rectangle is 5 m 
less than the length. Find the length and width of the rectangle. 


7. The perimeter of a triangle is 110 cm. One side is twice the second side. 
The third side is 30 cm more than the second side. Find the length of 
each side. 


8. The perimeter of a triangle is 33 ft. One side of the triangle is 1 ft longer 
than the second side. The third side is 2 ft longer than the second side. 
Find the length of each side. 


9. The width of the rectangular foundation of a building is 30% of the 
length. The perimeter of the foundation is 338 ft. Find the length and 
width of the foundation. 


10. The perimeter of a rectangular playground is 440 ft. If the width is 100 
ft, what is the length of the playground? 
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11. A rectangular vegetable garden has a perimeter of 64 ft. The length of 
the garden is 20 ft. What is the width of the garden? 


12. Each of two sides of a triangular banner measures 18 in. If the perime- 
ter of the banner is 46 in., what is the length of the third side of the 
banner? 


13. The perimeter of a square picture frame is 48 in. Find the length of each 
side of the frame. 


14. A square rug has a perimeter of 32 ft. Find the length of each side of the 
rug. 


Objective B 


15. Find the complement of a 28° angle. 


16. Find the complement of a 46° angle. 


17. Find the supplement of a 73° angle. 


18. Find the supplement of a 119° angle. 


Find the measure of -2x. 


19; 


Find the measure of Za. 
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Find the measure of Za. 


24. ZS. 4 


168° Wis 


Find x. 


Find the measure of 2x. 


32: 23: 


136 Chapter 3 / Solving Equations 


Given that €, || ¢, find the measures of angles a and b. 
36. WE 
38. 39. 
| 

Given that €, || €,, find x. 
40. 41. 

é, 
42. 43. 

Z, 


44. Given that Za = 51°, find the measure of Zb. 


b 


a 


45. Given that Za = 38°, find the measure of Zb. 
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Objective C 


46. Given that Za = 95° and Zb = 70°, find the measures of angles 
x and y. 


47. Given that Za = 35° and 2b = 55°, find the measures of angles 
x and y. 


48. Given that Zy = 45°, find the measures of angles a and b. 


49. Given that Zy = 130°, find the measures of angles a and b. 


50. Given that AO | OB, express in terms of x the number of 
degrees in 7 BOC. 


51. Given that AO 1 OB, express in terms of x the number of 
degrees in ZAOC. 


138 


2. 


DD. 


54. 


Shy 


56. 


7. 


Chapter 3 / Solving Equations 


One angle in a triangle is a right angle, and one angle measures 30°. 
What is the measure of the third angle? 


A triangle has a 45° angle and a right angle. Find the measure of the 
third angle. 


Two angles of a triangle measure 42° and 103°. Find the measure of the 
third angle. 


Two angles of a triangle measure 62° and 45°. Find the measure of 
the third angle. 


A triangle has a 13° angle and a 65° angle. What is the measure of the 
third angle? 


A triangle has a 105° angle and a 32° angle. What is the measure of the 
third angle? 


APPLYING THE CONCEPTS 


58. 


59. 


60. 


62. 


A rectangle and an equilateral triangle have the same perimeter. The 
length of the rectangle is three times the width. Each side of the trian- 
gle is 8 cm. Find the length and width of the rectangle. 


The length of a rectangle is 1 cm more than twice the width. If the 
length of the rectangle is decreased by 2 cm and the width is decreased 
by 1 cm, the perimeter is 20 cm. Find the length and width of the orig- 
inal rectangle. 


For the figure at the right, find the sum of the measures of 
angles x, y, and z. 


For the figure at the right, explain why Za + 2b = Zx. Write a 
rule that describes the relationship between an exterior angle of 
a triangle and the opposite interior angles. Use the rule to write 
an equation involving angles a, c, and z. 


The length of a rectangle is 14x. The perimeter is 50x. Find the width of 
the rectangle in terms of the variable x. 
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Objective A To solve value mixture probleM ........c.ccccccccscccccecsesssscseseseccssesseeees ({13}) CT! 


TAKE NOTE 


The equation AC = V is used 
to find the value of an 
ingredient. For example, the 
value of 4 |b of cashews 
costing $6 per pound is 


AC=V 
4-6=V 
$24 = V 

TAKE NOTE 


Use the information given in 
the problem to fill in the 
amount and unit cost columns 
of the table. Fill in the value 
column by multiplying the two 
expressions you wrote in 

each row. Use the expressions 
in the last column to write 

the equation. 
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Mixture and Uniform 
Motion Problems 


A value mixture problem involves combining two ingredients that have different 
prices into a single blend. For example, a coffee merchant may blend two types 
of coffee into a single blend, or a candy manufacturer may combine two types of 
candy to sell as a variety pack. 


The solution of a value mixture problem is based on the equation AC = V, where 
A is the amount of an ingredient, C is the cost per unit of the ingredient, and V 
is the value of the ingredient. 


~™» A coffee merchant wants to make 6 lb of a blend of coffee costing $5 per 
pound. The blend is made using a $6-per-pound grade and a $3-per-pound 
grade of coffee. How many pounds of each of these grades should be used? 


Strategy for Solving a Value Mixture Problem 


(1. For each ingredient in the mixture, write a numerical or variable 
expression for the amount of the ingredient used, the unit cost of 
the ingredient, and the value of the amount used. For the blend, 


write a numerical or variable expression for the amount, the unit 
cost of the blend, and the value of the amount. The results can be 
recorded in a table. 


Amount of $6 coffee: x 
Amount of $3 coffee: 6 — x 


The sum of the amounts is 6 lb. 


nies Ge Amount, A Unit Cost, cas 7 = Value, V- 
So lcradeta) iin amet (1) ulti qu tata OMG NR eu 
Ss ioraderas Wulerobdeteinil Wraith ait! Peli) 
Sel olen dans Shes: ariO ly iii ib Hee etho: = 5(6) 


2. Determine how the values of each ingredient are related. Use the 
fact that the sum of the values of all the ingredients is equal to the 


value of the blend. 


The sum of the values of the $6 grade and the $3 grade is equal to the value 
of the $5 blend. 

6x + 3(6— x) = 5(6) 

Ox 18 — 34-— 30 


3x + 18 = 30 
3x = 12 
x=4 


6-x=6-4=2 


The merchant must use 4 lb of the $6 coffee and 2 Ib of the $3 coffee. 
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Example 1 

How many ounces of a silver alloy that 
costs $4 an ounce must be mixed with 
10 oz of an alloy that costs $6 an ounce 
to make a mixture that costs $4.32 

an ounce? 


Strategy 


Ounces of $4 alloy: x 


The sum of the values before mixing 
equals the value after mixing. 


Solution 
4x + 6(10) = 4.32(10 + x) 


4x + 60 = 43.2 + 4.32x 
—0.32x + 60 = 43.2 
—0.32x = —16.8 
5 NOW) 


52.5 oz of the $4 silver alloy must be used. 


You Try It 1 

A gardener has 20 lb of a lawn fertilizer 
that costs $.80 per pound. How many 
pounds of a fertilizer that costs $.55 per 
pound should be mixed with this 20 lb of 
lawn fertilizer to produce a mixture that 
costs $.75 per pound? 


Your strategy 


Your solution 


Solution on p. S7 
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Objective B_ To solve percent mixture probleMS «..........cccccccceccecscccecsessstsceseeseees (3}) CT 


TAKE NOTE 


Use the information given in 
the problem to fill in the amount 
and percent columns of the 
table. Fill in the quantity column 
by multiplying the two 
expressions you wrote in each 
row. Use the expressions in the 
last column to write the 
equation. 
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The amount of a substance in a solution can be given as a percent of the total 
solution. For example, a 5% salt water solution means that 5% of the total solu- 
tion is salt. The remaining 95% is water. 


Solving a percent mixture problem can be done using the equation Ar = Q, 
where A is the amount of a solution, r is the percent concentration of a substance 
in the solution, and Q is the quantity of the substance in the solution. 


For example, a 500-milliliter bottle is filled with Ar=Q 
a 4% solution of hydrogen peroxide. 500(0.04) = Q 
A 0) 


The bottle contains 20 ml of hydrogen peroxide. 


=» How many gallons of a 20% salt solution must be mixed with 6 gal of a 30% 
salt solution to make a 22% salt solution? 


¢ 


Strategy for Solving a Percent Mixture Problem 


1. For each solution, write a numerical or variable expression for the 
amount of solution, the percent concentration, and the quantity 


of the substance in the solution. The results can be recorded in 
a table. 


The unknown quantity of 20% solution: x 


Amount of Percent HL Quantity of 

Solution, A Concentration, r Substance, Q 
20% solution cain 9 . 0.20 ‘ = ie 0.20% ii i 
30% solution 6 a, SN 925) AOSD OE REN i Fee Sat Feist oO OG pea 
gecolunod Le Ge O22 ule eee ea 


2. Determine how the quantities of the substances in each solution 
are related. Use the fact that the sum of the quantities of the 


substances being mixed is equal to the quantity of the substance 
after mixing. 


The sum of the quantities of the sub- 0.20x + 0.30(6) = 0.22(x + 6) 
stances in the 20% solution and the O20xe ISU ="0,22% -F lisa 
30% solution is equal to the quantity of =(0:02% + 1.80 = 1732s, 
the substance in the 22% solution. —0.02x = —0.48 

x = 24 


24 gal of the 20% solution are required. 
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Example 2 

A chemist wishes to make 2 L of an 8% acid 
solution by mixing a 10% acid solution and 
a 5% acid solution. How many liters of each 
solution should the chemist use? 


Strategy 


Liters of 10% solution: x 
Liters of 5% solution: 2 — x 


The sum of the quantities before mixing is 
equal to the quantity after mixing. 


Solution 
ONl0% 0.052 =e) = 01082) 


0.10x + 0.10 — 0.05x = 0.16 
0.05x + 0.10 = 0.16 
0.05x = 0.06 

So Nhe 


2 6 = Ze 1210.8 


The chemist needs 1.2 L of the 10% solution 
and 0.8 L of the 5% solution. 


You Try It 2 

A pharmacist dilutes 5 L of a 12% solution 
with a 6% solution. How many liters of the 
6% solution are added to make an 8% 
solution? 


Your strategy 


Your solution 


Solution on p. S8& 
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Objective C To solve uniform Motion problems ...c.c.ccccccccscscssscssessscssesescseseveees (t3)) Ga 


A train that travels constantly in a straight line at 50 mph is in wniform motion. 
Uniform motion means that the speed or direction of an object does not change. 


The solution of a uniform motion problem is based on the equation rt = d, where 
r is the rate of travel, ¢ is the time spent traveling, and d is the distance traveled. 


For example, a car travels 50 mph for 3 h. rt=d 
50-3=d 
150 =d 


The car travels a distance of 150 mph. 


=» A car leaves a town traveling at 40 mph. Two hours later, a second car leaves 
the same town, on the same road, traveling at 60 mph. In how many hours 
will the second car pass the first car? 


Strategy for Solving a Uniform Motion Problem 


1. For each object, write a numerical or variable expression for the 


distance, rate, and time. The results can be recorded in a table. 


The first car traveled 2 h First car gE3S> d = 40(t + 2) a 
longer than the second car. 
| 
O 6 | 
Unknown time for the second car: t eae aed E 
Time for the first car: t + 2 B26 AD eo 
TAKE NOTE 
ets Rate, r - Time, t = Distance, d 
Use the information given in = : 
the problem to fill in the rate First car 40 bis aha ioria Ass 2) 
and time columns of the table. Second car 60 ; Mates 3 eas, ei hircquae dies 


Find the distance column by 
multiplying the two expressions 
you wrote in each row. 


2. Determine how the distances traveled by each object are related. 
For example, the total distance traveled by both objects may be 


known, or it may be known that the two objects traveled the 
same distance. 


The two cars travel the same distance. 40(t + 2) = 60:1 
40t + 80 = 60¢ 
80 = 20t 

4=1 


The second car will pass the first car in 4 h. 
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Example 3 

Two cars, one traveling 10 mph faster than 
the other car, start at the same time from 
the same point and travel in opposite 
directions. In 3 h they are 300 mi apart. 
Find the rate of each car. 


Strategy 
Rate of Ist car: r 
Rate of 2nd car: r + 10 


ee eras ile Ditance 
SERS Bor crud tear cere een ae nF ae 
‘Qndcar= eurekel On: 2 ( 


aa 


The total distance traveled by the two cars 
is 300 mi. 


Solution 
3r + 3(r + 10) = 300 
Sr + or a 30=-300 
6r + 30 = 300 
6r = 270 
r=45 


FP 10 =4 5a 1055 


The first car is traveling 45 mph. 
The second car is traveling 55 mph. 


Example 4 

How far can the members of a bicycling 
club ride out into the country at a speed of 
12 mph and return over the same road at 
8 mph if they travel a total of 10 h? 


Strategy 
Time spent riding out: ¢ 
Time spent riding back: 10 — ¢ 


i sits a Distance 
eA aHOR at tripe Oat) 


The distance out equals the distance back. 


Solution 
12¢ = 8(10 — ft) 
12¢ = 80 — 8 
20t = 80 
t=4 (The time is 4 h.) 


The distance out = 12t = 12(4) = 48 mi. 
The club can ride 48 mi into the country. 


You Try It 3 

Two trains, one traveling at twice the speed 
of the other, start at the same time on 
parallel tracks from stations that are 288 mi 
apart and travel toward each other. In 3 h, 
the trains pass each other. Find the rate of 
each train. 


Your strategy 


Your solution 


You Try It 4 

A pilot flew out to a parcel of land and back 
in 5 h. The rate out was 150 mph and the 
rate returning was 100 mph. How far away 
was the parcel of land? 


Your strategy 


Your solution 


Solutions on p. S8 
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3.6 Exercises 


Objective A_ Application Problems 


1. An herbalist has 30 oz of herbs costing $2 per ounce. How many ounces 
of herbs costing $1 per ounce should be mixed with the 30 oz to pro- 
duce a mixture costing $1.60 per ounce? 


2. The manager of a farmer’s market has 500 Ib of grain that costs $1.20 
per pound. How many pounds of meal costing $.80 per pound should 
be mixed with the 500 lb of grain to produce a mixture that costs $1.05 
per pound? 


3. Find the cost per pound of a meatloaf mixture made from 3 lb of 
ground beef costing $1.99 per pound and 1 lb of ground turkey costing 
$1.39 per pound. 


4. Find the cost per ounce of a sunscreen made from 100 oz of a lotion + 
that costs $2.50 per ounce and 50 oz of a lotion that costs $4.00 per 
ounce. 


5. A snack food is made by mixing 5 lb of popcorn that costs $.80 per 
pound with caramel that costs $2.40 per pound. How much caramel is 
needed to make a mixture that costs $1.40 per pound? 


6. A wild birdseed mix is made by combining 100 lb of millet seed costing 
$.60 per pound with sunflower seeds costing $1.10 per pound. How 
many pounds of sunflower seeds are needed to make a mixture that 
costs $.70 per pound? 


7. Ten cups of a restaurant’s house Italian dressing is made by blending 
olive oil costing $1.50 per cup with vinegar that costs $.25 per cup. How 
many cups of each are used if the cost of the blend is $.50 per cup? 


8. A high-protein diet supplement that costs $6.75 per pound is mixed 
with a vitamin supplement that costs $3.25 per pound. How many 
pounds of each should be used to make 5 |b of a mixture that costs 


$4.65 per pound? 


9. Find the cost per ounce of a mixture of 200 oz of a cologne that costs 
$5.50 per ounce and 500 oz of a cologne that costs $2.00 per ounce. 


10. Find the cost per pound of a trail mix made from 40 lb of raisins that 
cost $4.40 per pound and 100 lb of granola that costs $2.30 per pound. 
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11. 


125 


13. 


14. 


1S: 


16. 


17. 


18. 


Chapter 3 / Solving Equations 


A 20 oz alloy of platinum that costs $220 per ounce is mixed with an 
alloy that costs $400 per ounce. How many ounces of the $400 alloy 
should be used to make an alloy that costs $300 per ounce? 


How many liters of a blue dye that costs $1.60 per liter must be mixed 
with 18 L of anil that costs $2.50 per liter to make a mixture that costs 
$1.90 per liter? 


The manager of a specialty food store combined almonds that cost 
$4.50 per pound with walnuts that cost $2.50 per pound. How many 
pounds of each were used to make a 100-pound mixture that costs $3.24 
per pound? 


A goldsmith combined an alloy that cost $4.30 per ounce with an alloy 
that cost $1.80 per ounce. How many ounces of each were used to make 
a mixture of 200 oz costing $2.50 per ounce? 


Adult tickets for a play cost $6.00 and children’s tickets cost $2.50. For 
one performance, 370 tickets were sold. Receipts for the performance 
were $1723. Find the number of adult tickets sold. 


Tickets for a piano concert sold for $4.50 for each adult. Student tickets 
sold for $2.00 each. The total receipts for 1720 tickets were $5980. Find 
the number of adult tickets sold. 


Find the cost per pound of sugar-coated breakfast cereal made from 
40 lb of sugar that costs $1.00 per pound and 120 lb of corn flakes that 
cost $.60 per pound. 


Find the cost per pound of a coffee mixture made from 8 lb of coffee 


that costs $9.20 per pound and 12 lb of coffee that costs $5.50 per 
pound. 


19% 


20. 


Objective B_) Application Problems 


Forty ounces of a 30% gold alloy are mixed with 60 oz of a 20% gold 
alloy. Find the percent concentration of the resulting gold alloy. 


One hundred ounces of juice that is 50% tomato juice are added to 200 
oz of a vegetable juice that is 25% tomato juice. What is the percent 
concentration of tomato juice in the resulting mixture? 
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22. 
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24. 


25. 


26. 


21 


28. 


29. 


30. 


Si. 
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How many gallons of a 15% acid solution must be mixed with 5 gal of 
a 20% acid solution to make a 16% acid solution? 


How many pounds of a chicken feed that is 50% corn must be mixed 
with 400 lb of a feed that is 80% corn to make a chicken feed that is 75% 
corn? 


A rug is made by weaving 20 Ib of yarn that is 50% wool with a yarn that 
is 25% wool. How many pounds of the yarn that is 25% wool is used if 
the finished rug is 35% wool? 


Five gallons of a light green latex paint that is 20% yellow paint is com- 
bined with a darker green latex paint that is 40% yellow paint. How 
many gallons of the darker green paint must be used to create a green 
paint that is 25% yellow paint? 


How many gallons of a plant food that is 9% nitrogen must 
be combined with another plant food that is 25% nitrogen 
to make 10 gal of a solution that is 15% nitrogen? 


A chemist wants to make 50 ml of a 16% acid solution by 
mixing a 13% acid solution and an 18% acid solution. How 
many milliliters of each solution should the chemist use? 


Five grams of sugar are added to a 45-gram serving of a breakfast cereal 
that is 10% sugar. What is the percent concentration of sugar in the 
resulting mixture? 


A goldsmith mixes 8 oz of a 30% gold alloy with 12 oz of a 25% gold 
alloy. What is the percent concentration of the resulting alloy? 


How many pounds of coffee that is 40% java beans must be mixed with 
80 lb of coffee that is 30% java beans to make a coffee blend that is 32% 
java beans? 


The manager of a garden shop mixes grass seed that is 60% rye grass 
with 70 lb of grass seed that is 80% rye grass to make a mixture that is 
74% rye grass. How much of the 60% rye grass is used? 


A hair dye is made by blending a 7% hydrogen peroxide solution and a 
4% hydrogen peroxide solution. How many milliliters of each are used 
to make a 300-milliliter solution that is 5% hydrogen peroxide? 
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A tea that is 20% jasmine is blended with a tea that is 15% jasmine. How 
many pounds of each tea are used to make 5 lb of tea that is 18% 
jasmine? 


How many ounces of pure chocolate must be added to 150 oz of choco- 
late topping that is 50% chocolate to make a topping that is 75% 
chocolate? 


How many ounces of pure bran flakes must be added to 50 oz of cereal 
that is 40% bran flakes to produce a mixture that is 50% bran flakes? 


Thirty ounces of pure silver are added to 50 oz of a silver alloy that is 
20% silver. What is the percent concentration of the resulting alloy? 


A clothing manufacturer has some pure silk thread and some thread 
that is 85% silk. How many kilograms of each must be woven together 
to make 75 kg of cloth that is 96% silk? 


37. 


38. 


oO: 


40. 


41. 


Objective C Application Problems 


Two small planes start from the same point and fly in opposite direc- 
tions. The first plane is flying 25 mph slower than the second plane. In 
2 h, the planes are 470 mi apart. Find the rate of each plane. 


Two cyclists start from the same point and ride in opposite directions. 
One cyclist rides twice as fast as the other. In 3 h, they are 81 mi apart. 
Find the rate of each cyclist. 


Two planes leave an airport at 8 A.M., one flying north at 480 km/h and 
the other flying south at 520 km/h. At what time will they be 3000 km 
apart? 


A long-distance runner started on a course running at an average 
speed of 6 mph. One-half hour later, a second runner began the same 
course at an average speed of 7 mph. How long after the second run- 
ner started will the second runner overtake the first runner? 


A motorboat leaves a harbor and travels at an average speed of 9 mph 
toward a small island. Two hours later a cabin cruiser leaves the same 
harbor and travels at an average speed of 18 mph toward the same 
island. In how many hours after the cabin cruiser leaves will the cabin 
cruiser be alongside the motorboat? 
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A 555-mile, 5-hour plane trip was flown at two speeds. For the first part 
of the trip, the average speed was 105 mph. For the remainder of the 
trip, the average speed was 115 mph. For how long did the plane fly at 
each speed? 


An executive drove from home at an average speed of 30 mph to an air- 
port where a helicopter was waiting. The executive boarded the heli- 
copter and flew to the corporate offices at an average speed of 60 mph. 
The entire distance was 150 mi. The entire trip took 3 h. Find the dis- 
tance from the airport to the corporate offices. 


After a sailboat had been on the water for 3 h, a change in the wind 
direction reduced the average speed of the boat by 5 mph. The entire 
distance sailed was 57 mi. The total time spent sailing was 6 h. How far 
did the sailboat travel in the first 3 h? 


A car and a bus set out at 3 P.M. from the same point headed in the same 
direction. The average speed of the car is twice the average speed of the 
bus. In 2 h the car is 68 mi ahead of the bus. Find the rate of the car. 


A passenger train leaves a train depot 2 h after a freight train leaves the 
same depot. The freight train is traveling 20 mph slower than the pas- 
senger train. Find the rate of each train if the passenger train overtakes 
the freight train in 3 h. 


As part of flight training, a student pilot was required to fly to an air- 
port and then return. The average speed on the way to the airport was 
100 mph, and the average speed returning was 150 mph. Find the dis- 
tance between the two airports if the total flying time was 5 h. 


A ship traveling east at 25 mph is 10 mi from a harbor when another 
ship leaves the harbor traveling east at 35 mph. How long does it take 
the second ship to catch up to the first ship? 


At 10 A.M. a plane leaves Boston, Massachusetts, for Seattle, Washing- 
ton, a distance of 3000 mi. One hour later a plane leaves Seattle for 
Boston. Both planes are traveling at a speed of 500 mph. How many 
hours after the plane leaves Seattle will the planes pass each other? 


At noon a train leaves Washington, D.C., headed for Charleston, South 
Carolina, a distance of 500 mi. The train travels at a speed of 60 mph. 
At 1 P.M. a second train leaves Charleston headed for Washington, D.C., 
traveling at 50 mph. How long after the train leaves Charleston will the 
two trains pass each other? 


/ 105 mph +}+— 115 mph —+| 


100 mph 


150 mph 


150 


Ble 


SP4) 


53. 


54. 


Chapter 3 / Solving Equations 


Two cyclists start at the same time from opposite ends of a course 
that is 51 mi long. One cyclist is riding at a rate of 16 mph, and the 
second cyclist is riding at a rate of 18 mph. How long after they begin 
will they meet? 


A bus traveled on a level road for 2 h at an average speed that was 20 
mph faster than its average speed on a winding road. The time spent 
on the winding road was 3 h. Find the average speed on the winding 
road if the total trip was 210 mi. 


A bus traveling at a rate of 60 mph overtakes a car traveling at a rate of 
45 mph. If the car had a 1-hour head start, how far from the starting 
point does the bus overtake the car? 


Acar traveling at 48 mph overtakes a cyclist who, riding at 12 mph, had 
a 3-hour head start. How far from the starting point does the car over- 
take the cyclist? 


APPLYING THE CONCEPTS 


55: 


56. 


57. 


58. 


BO: 


60. 


How many grams of pure water must be added to 50 g of pure acid to 
make a solution that is 40% acid? 


How many ounces of water must be evaporated from 50 oz of a 12% salt 
solution to produce a 15% salt solution? 


A radiator contains 15 gal of a 20% antifreeze solution. How many gal- 
lons must be drained from the radiator and replaced by pure antifreeze 
so that the radiator will contain 15 gal of a 40% antifreeze solution? 


At 10 A.M., two campers left their campsite by canoe and paddled down- 
stream at an average speed of 12 mph. They then turned around and 
paddled back upstream at an average rate of 4 mph. The total trip took 
1 h. At what time did the campers turn around downstream? 


A bicyclist rides for 2 h at a speed of 10 mph and then returns at a speed 
of 20 mph. Find the cyclist’s average speed for the trip. 


A car travels a 1-mile track at an average speed of 30 mph. At what aver- 


age speed must the car travel the next mile so that the average speed for 
the 2 mi is 60 mph? 
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| Focus on Problem Solving 


The questions below require an answer of always true, sometimes true, or never 
true. These problems are best solved by the trial and error method. The trial and 
error method of arriving at a solution to a problem involves repeated tests or 
experiments. 


For example, consider the statement 


Both sides of an equation can be divided by the same num- 
ber without changing the solution of the equation. 


The solution of the equation 6x = 18 is 3. If we divide both sides of the equation 
by 2, the result is 3x = 9 and the solution is still 3. So the answer “never true” has 
been eliminated. We still need to determine whether there is a case for which it 
is not true. Is there a number that we could divide both sides of the equation by 
and the result would be an equation for which the solution is not 3? If we divide 


both sides of the equation by 0, the result is “ = =; the solution of this equation 


is not 3 because the expressions on either side of the equals sign are undefined. 
So the statement is true for some numbers and not true for 0. The statement is 
sometimes true. 


Determine whether the statement is always true, sometimes true, or never true. 


1. Both sides of an equation can be multiplied by the same number without 
changing the solution of the equation. 


2. For an equation of the form ax = b, a # 0, multiplying both sides of the 
equation by the reciprocal of a will result in an equation of the form 
x = constant. 


3. The Multiplication Property of Equations is used to remove a term from one 
side of an equation. 


4. Adding —3 to each side of an equation yields the same result as subtracting 
3 from each side of the equation. 


5. An equation contains an equals sign. 


6. The same variable term can be added to both sides of an equation without 
changing the solution of the equation. 


7. An equation of the form ax + b =c cannot be solved if a is a negative 
number. 


8. The solution of the equation 5 = Ois 0. 


9. For the diagram at the left, 2b d e g. 


10. In solving an equation of the form ax + b = cx + d, subtracting cx from 
each side of the equation results in an equation with only one variable term 
in it. 
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11. If a rope 8 meters long is cut into two pieces and one of the pieces has 
length x meters, then the length of the other piece can be represented as 
eS) MRCLCLS: 


12. An even integer is a multiple of 2. 


13. If the first of three consecutive odd integers is n, then the second and third 
consecutive odd integers are represented as n + 1 andn + 3. 


14. Suppose we are mixing two salt solutions. Then the variable Q in the per- 
cent mixture equation Q = Ar represents the amount of salt in a solution. 


15. If 100 oz of a silver alloy is 25% silver, then the alloy contains 25 oz of silver. 


16. If we combine an alloy that costs $8 an ounce with an alloy that costs $5 an 
ounce, the cost of the resulting mixture will be greater than $8 an ounce. 


17. If we combine a 9% acid solution with a solution that is 4% acid, the result- 
ing solution will be less than 4% acid. 


18. If the speed of one train is 20 mph slower than that of a second train, then 
the speeds of the two trains can be represented as r and 20 — r. 


| Projects and Group Activities 


Nielsen Ratings Nielsen Media Research surveys television viewers to determine the number of 


POINT OF INTEREST 


The top ranked programs in 
prime time for the week of 
July 28—August 3, 1997, ranked 
by Nielsen Media Research, 
were: 

Seinfeld 

20/20 

E.R. 

Suddenly Susan 

60 Minutes 

Dateline NBC (Monday) 

Dateline NBC (Tuesday) 

Friends 

Touched by an Angel 

Law & Order 


people watching particular shows. There are an estimated 97 million television 
households in the United States. Each rating point represents 1% of that num- 


~ ber, or 970,000 households. Therefore, for example, if 60 Minutes receives a 


rating of 10 points, then 10%, or (0.10)(97,000,000) = 9,700,000 households, 
watched that program. 


A rating point does not mean that 970,000 people are watching a program. A rat- 
ing point refers to the number of TV sets tuned to that program; there may be 
more than one person watching a television set in a household. 


The Nielsen Company also describes a program’s share of the market. Share is 
the percentage of television sets in use that are tuned to a program. Suppose the 
same week that 60 Minutes received 10 rating points, the show received a share 
of 20%. This would mean that 20% of all households with a television turned on 


were turned to 60 Minutes, while 10% of all households with a television were 
turned to the program. 


1. If 20/20 received a Nielsen rating of 11.2 and a share of 23, how many TV 
households watched the program that week? How many TV households were 
watching television during that hour? 


2. Suppose that Dateline NBC (Tuesday) received a rating of 9.6 and a share of 
18. How many TV households were watching television during that hour? 
How many TV households watched the program that week? 
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3. Suppose Seinfeld received a rating of 12.3 during a week that 17,100,000 peo- 
ple were watching the show. Find the average number of people per TV 
household who watched the program. Round to the nearest tenth. 


The cost to advertise on a program is related to its Nielsen rating. The sponsor 
(the company paying for the advertisement) pays a certain number of dollars for 
each rating point a show receives. 


4. Suppose a television network charges $25,000 per rating point for a 30-sec- 
ond commercial on a daytime talk show. Determine the cost for three 30- 
second commercials if the Nielsen rating of the show is 11.5. 


Nielsen Media Research also tracks the exposure of advertisements. For example, 
it might be reported that commercials for McDonald’s had 500,000,000 house- 
hold exposures during a week when their advertisement was aired 90 times. 


5. Information regarding household exposure of advertisements can be found in 
USA Today each Monday. For a recent week, find the information for the top 
four advertised brands. For each brand, calculate the average household 
exposure for each time the ad was aired. 


Nielsen Media Research has a web site on the internet. You can locate the site 

under entertainment and television using a search engine. You will find the rat- 

ing points and market share for the networks and cable stations, as well as rat- 

ing points, share, and audience size for categories such as prime time and sports 

programming. 

6. Find the top two prime-time television shows for last week. Calculate the 
number of TV households that watched each program. Compare these figures 
with the top two sports programs for last week. 


| Chapter Summary 


An equation expresses the equality of two mathematical expressions. 


A solution of an equation is a number that, when substituted for the variable, 
results in a true equation. 


To solve an equation means to find a solution of the equation. The goal is to 
rewrite the equation in the form variable = constant. 


To translate a sentence into an equation requires recognition of the words or 
phrases that mean “equals.” Some of these phrases are equals, is, is equal to, 
amounts to, and represents. 


Cost is the price that a business pays for a product. Selling price is the price for 
which a business sells a product to a customer. Markup is the difference between 
selling price and cost. When the markup is expressed as a percent of the retailer's 
cost, it is called the markup rate. 


Discount, or markdown, is the amount by which a retailer reduces the regular 
price of a product. The percent discount is called the discount rate. 

The perimeter of a geometric figure is a measure of the distance around the 
figure. 

An isosceles triangle has two sides of equal measure. The three sides of an equt- 
lateral triangle are of equal measure. 
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An angle is measured in degrees. A 90° angle is a right angle. A 180° angle is a 
straight angle. One complete revolution is 360°. An acute angle is an angle whose 
measure is between 0° and 90°. An obtuse angle is an angle whose measure is 
between 90° and 180°. 


Complementary angles are two angles whose measures have the sum 90°. 
Supplementary angles are two angles whose measures have the sum 180°. 
Parallel lines never meet; the distance between them is always the same. 

Perpendicular lines are intersecting lines that form right angles. 


Two angles that are on opposite sides of the intersection of two lines are ver- 
tical angles; vertical angles have the same measure. Two angles that share a com- 
mon side are adjacent angles; adjacent angles of intersecting lines are supple- 
mentary angles. 


A line that intersects two other lines at two different points is a transversal. If the 
lines cut by a transversal are parallel lines, equal angles are formed: alternate 
interior angles, alternate exterior angles, and corresponding angles. 


Uniform motion means that an object, traveling at a constant speed, moves in a 
straight line. 


Essential Rules Addition Property of Equations 


If a = b, then 
at+c=bete. 


The same number can be added to each side of an 
equation without changing the solution of the 
equation. 


Multiplication Property of Equations 


Each side of an equation can be multiplied by the 
same nonzero number without changing the 
solution of the equation. 


Ifa = bande + 0, 
then ac = be. 


Basic Percent Equation 


Percent - Base = Amount 


- Consecutive Integers 


Consecutive Even Integers 
Consecutive Odd Integers 


Formulas for Perimeter 


Sum of the Angles of a Triangle 


The sum of the measures of the interior angles of 
a triangle is 180°. 
The sum of an interior and corresponding exte- 
rior angle is 180°. 


Value Mixture Equation 
Amount - Unit Cost = Value 


Percent Mixture Equation 
Amount - Percent Concentration = Quantity 


Uniform Motion Equation 
Rate - Time = Distance 


P-B=A 


fh, eel de 
pi ar By ith ar A soc 
jit 2) ee 


Triangle P=a+b+c 
Rectangle P=2L+2W 
Square P=A4s 


La + 2D eee — 180" 


AG= iV 
Ar=Q 
(ia. 
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| Chapter Review 


1. Solve: x + 3°= 24 2 Solver x + 56% — 20) = 10 — 4) 
3. Solve: 5x — 6 = 29 4. Is 3a solution of 5x — 2 = 4x + 5? 
5. Solve: 2a = 12 6. Solve: 6x + 3(2x — 1) = —27 

7. 30 is what percent of 12? 8. Solve: 5x + 3 = 10x — 17 

9 Solve: 7 — [4 + 2@ — 3)] = 11@ +2) 10. Solve: —6x + 16 = —2x 


11. A furniture store uses a markup rate of 60%. The store sells a solid oak 
curio cabinet for $1074. Find the cost of the curio cabinet. Use the for- 
mula S =C +rC, where S is the selling price, C is the cost, and r is the 
markup rate. 


12. Find the measure of 2x. 


13. A lever is 12 ft long. At a distance of 2 ft from the fulcrum, a force of 120 lb 
is applied. How large a force must be applied to the other end so that the 
system will balance? Use the lever system equation F\x = F,(d — x). 


14. A bus traveled on a level road for 2 h at an average speed of 20 mph faster 
than it traveled on a winding road. The time spent on the winding road was 
3 h. Find the average speed on the winding road if the total trip was 200 mi. 
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15. 


16. 


17. 


18. 


19. 


20. 


20. 


Papa 


23. 


24. 


23% 
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A ceiling fan, which regularly sells for $60, is on sale for $40. Find the dis- 
count rate. Use the formula S = R — rR, where S is the sale price, R is the 
regular price, and r is the discount rate. 


Given that Za — 74° and 7b = 52°, find the 
measures of angles x and y. 


A health food store combined cranberry juice that cost $1.79 per quart with 
apple juice that cost $1.19 per quart. How many quarts of each were used 
to make 10 qt of cranapple juice costing $1.61 per quart? 


Four times the second of three consecutive integers equals the sum of the 
first and third integers. Find the integers. 


One angle of a triangle is 15° more than the measure of the second angle. 
The third angle is 15° less than the measure of the second angle. Find the 
measure of each angle. 


Translate “four less than the product of five and a number is sixteen” into 
an equation and solve. 


The Empire State Building is 1472 ft tall. This is 514 ft less than twice the 
height of the Eiffel Tower. Find the height of the Eiffel Tower. 


The length of a rectangle is four times the width of the rectangle. The 
perimeter is 200 ft. Find the length and width of the rectangle. 


A jet plane traveling at 600 mph overtakes a propeller-driven plane that had 
a 2-hour head start. The propeller-driven plane is traveling at 200 mph. 
How far from the starting point does the jet overtake the propeller-driven 
plane? 


The sum of two numbers is twenty-one. Three times the smaller number is 
two less than twice the larger number. Find the two numbers. 


A dairy owner mixed 5 gal of cream containing 30% butterfat with 8 gal of 
milk containing 4% butterfat. What is the percent of butterfat in the result- 
ing mixture? 
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| Chapter Test 


1. Solve: 3x —-2=5x+8 Paes SOMME E — Eee Sats) 

3. Solve: 3x —-5=-—-14 4. Solve: 4 — 2(3 — 2x) = 2(5 — x) 
5. Is —2 a solution of x* — 3x = 2x — 6? 6. Solve: 7 — 4x = -13 

7. What is 0.5% of 8? 8. Solve: 5x — 2(4x — 3) = 6x + 9 
DC OWe OC nS — (t= 2% — 5 10. Solve: =x =-—9 


11. A baker wants to make a 15-pound blend of flour that costs $.60 per pound. 
The blend is made using a rye flour that costs $.70 per pound and a wheat 
flour that costs $.40 per pound. How many pounds of each flour should 
be used? 


12. Find x. 


13. A television that regularly sells for $450 is on sale for $360. Find the dis- 
count rate. Use the formula S = R — rR, where S is the sale price, R is the 


regular price, and r is the discount rate. 


14. A financial manager has determined that the cost per unit for a calculator 
is $15 and that the fixed cost per month is $2000. Find the number of cal- 
culators produced during a month in which the total cost was $5000. Use 
the equation T= U- N + F, where T is the total cost, U is the cost per unit, 
N is the number of units produced, and F is the fixed cost. 
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15. 


16. 


17. 


18. 


19. 


20. 


Zi 


22s 


23. 


24. 


25: 
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In an isosceles triangle, two angles are equal. The third angle of the trian- 
ele is 30° less than one of the equal angles. Find the measure of one of the 
equal angles. 


Find three consecutive even integers whose sum is 36. 


How many gallons of water must be mixed with 5 gal of a 20% salt solution 
to make a 16% salt solution? 


Given that ¢, || €,, find the measures of 
angles a and b. 


Translate “the difference between three times a number and fifteen is 
twenty-seven” into an equation and solve. 


A cross-country skier leaves a camp to explore a wilderness area. Two 
hours later a friend leaves the camp in a snowmobile, traveling 4 mph 
faster than the skier, and meets the skier 1 h later. Find the rate of the 
snowmobile. 


A company makes 140 televisions per day. Three times the number of black- 
and-white TVs made equals 20 less than the number of color TVs made. 
Find the number of color TVs made each day. 


The sum of two numbers is eighteen. The difference between four times the 
smaller number and seven is equal to the sum of two times the larger num- 
ber and five. Find the two numbers. 


As part of flight training, a student pilot was required to fly to an airport 
and then return. The average speed to the airport was 90 mph, and the aver- 
age speed returning was 120 mph. Find the distance between the two air- 
ports if the total flying time was 7 h. 


The perimeter of a triangle is 23 ft. One side is twice the second side. The 
third side is 3 ft more than the second side. Find the measure of each side. 


A chemist mixes 100 g of water at 80°C with 50 g of water at 20°C. To find 
the final temperature of the water after mixing, use the equation 
m,(T,; — T) = m,(T — T,), where m, is the quantity of water at the hotter 
temperature, 7, is the temperature of the hotter water, m, is the quantity of 
water at the cooler temperature, T, is the temperature of the cooler water, 
and T is the final temperature of the water after mixing. 
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| Cumulative Review 


1. Subtract: —6 — (—20) — 8 2. Multiply: (—2)(—6)(—4) 
2 : 5 Vl 5 3 1 1 
3. Simplify: ae (- 2) 4. Simplify: sere 
3 ot 2 
5. Simplify: —4? - (-3) 6. Simplify: 25 — 35—* — (-2) 
7. Evaluate 3(a — c) — 2ab when a = 2, b = 3, Sea psimaplitiy< 3% tr O18 trary) 
andc = —4. 
Ome Stinplity2a)— (—3)) —_/a— 5b 10. Simplify: (16x)(£) 
11. Simplify: —4(—9y) 12. Simplify 26x" 3x 42) 
iseeeSimipliny—2(x— 3) 2(4:— x) 14. Simplify: —3[2x — 4(« — 3)] + 2 
15. Is —3 asolution of x? + 6x +9 =x + 3? 16. Is ; a solution of 3 — 8x = 12x — 2? 
: 
2 3} 
2 17. Find 32% of 60. 18. Solve: =x = —15 
s 
E 
oO 
& 
S 
E 19. Solve: 7x —8=—29 20. Solve: 13 — 9x = -14 
i 
a 
8 
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2Ae SOlWes8i.— 340 i= 2 tl 22. Solve: 6 — 2(5x — 8),= 3x =4 
23. Solve: 5x — 8 = 12x + 13 24. Solve: 11 — 4x =2x + 8 


25. Achemist mixes 300 g of water at 75°C with 100 g of water at 15°C. To find 
the final temperature of the water after mixing, use the equation 
m,(T, — T) =m,(T — T,), where m, is the quantity of water at the hotter 
temperature, T, is the temperature of the hotter water, m, is the quantity of 
water at the cooler temperature, T is the temperature of the cooler water, 
and T is the final temperature of the water after mixing. 


26. Translate “the difference between twelve and the product of five and a num- 
ber is negative eighteen” into an equation and solve. 


27. The area of a cement foundation of a house is 2000 ft. This is 200 ft? more 
than three times the area of the garage. Find the area of the garage. 


28. How many pounds of an oat flour that costs $.80 per pound must be mixed 
with 40 lb of a wheat flour that costs $.50 per pound to make a blend that 
costs $.60 per pound? 


29. How many grams of pure gold must be added to 100 g of a 20% gold alloy 
to make an alloy that is 36% gold? 


30. The perimeter of a rectangular office is 44 ft. The length of the office is 2 ft 
more than the width. Find the dimensions of the office. 


31. Find the measure of Zx. 


32. In an equilateral triangle, all three angles are equal. Find the measure of 
one of the angles of an equilateral triangle. 


33. A sprinter ran to the end of a track at an average rate of 8 m/s and then 
jogged back to the starting point at an average rate of 3 m/s. The sprinter 


took 55 s to run to the end of the track and jog back. Find the length of the 
track. 
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C H A P T CE R 


Astronomers use mathematics and physics to explore the 
nature of our universe. Theories pertaining to the universe 
are represented as mathematical equations. Astronomers 
analyze these theories using computers and data collected 
from observations of objects in space. Among the 
mathematical concepts that an astronomer must be 
knowledgeable about is scientific notation, which is 
presented in Section 4 of this chapter. 


Polynomials 


Objectives 


Section 4.1 
To add polynomials 
To subtract polynomials 


Section 4.2 
To multiply monomials 
To simplify powers of monomials 


Section 4.3 

To multiply a polynomial by a monomial 

To multiply two polynomials 

To multiply two binomials 

To multiply binomials that have special products 
To solve application problems 


Section 4.4 
To divide monomials 
To write a number in scientific notation 


Section 4.5 
To divide a polynomial by a monomial 
To divide polynomials 


HIEROGLYPHIC | 
NOTATION 


iIIl aN 999 


ANNAN 5999 
a ue 


Early Egyptian | 
Arithmetic Operations 


The early Egyptian arithmetic processes are recorded on 
the Rhind Papyrus, but the underlying principles are not 
included. Scholars of today can only guess how these 
early developments were discovered. 


Egyptian hieroglyphics used a base-ten system of 
numbers in which a vertical line represented 1, a heel 


bone, ry represented 10, and a scroll, 0) represented 
100. 


The symbols at the right represent the 

number 237. There are 7 vertical lines, i eae ee) 
3 heel bones, and 2 scrolls. Thus the 

symbols at the right represent 

7 + 30 + 200, or 237. 


Addition in hieroglyphic notation does not require 
memorization of addition facts. Addition is done just by 
counting symbols. 


The top example at the left shows that addition is a 
simple grouping operation. Write down the total of each 
kind of symbol. Then group 10 straight lines into one 
heel bone. 


Subtraction in the hieroglyphic system is similar to 
making change. For example, what change do you get 
from a $1.00 bill when buying a $.55 item? 5 cannot be 
subtracted from 0, so a 10 is “borrowed” and 10 ones 
are added. 


In the bottom example at the left, 5 cannot be subtracted 
from 3, so a 10 is “borrowed” and 10 ones are added. 


Note that no zero is provided in this number system. 
That place value symbol is just not used. As shown at the 
left, the heel bone is not used when writing 208 because 
there are no 10’s in 208. 
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4 _ Addition and Subtraction 
° of Polynomials 


Objective A To add polynomials ............. oo 
j poly, BIS Were praesent ee rare ceiat nai de iithieasy oiklrn eee’ (T14)) 
A monomial is a number, a variable, or a product of numbers and variables. 
TAKE NOTE For instance, 
The expression 3\/x is not 2) p 
a monomial because Vx ie b oe 12xy 
eye seit oe A number A variable A product of a A product of a 
product of variables. number and a variable number and variables 


ae 
The expression SE is nota 


PO AhahNECOUSeit ie 4 A polynomial is a variable expression in which the terms are monomials. 


quotient of variables. 


A polynomial of one term is a monomial. ~7x° is a monomial. 

A polynomial of two terms is a binomial. 4x + 2 is a binomial. 

A polynomial of three terms is a trinomial. 7x?-+ 5x — 7 is a trinomial. 
The terms of a polynomial in one variable Be? — dai Oneal 


are usually arranged so that the exponents 
of the variable decrease from left to right. 
This is called descending order. Pile Wy = PM Se vy) | 


7z* + 427 +2z2-6 


The degree of a polynomial in one variable is its largest exponent (on a variable). 
The degree of 4x* — 5x”? + 7x — 8 is 3; the degree of 2y' + y? — 1 is 4. 


Polynomials can be added, using either a horizontal or a vertical format, by com- 
bining like terms. 
m> Simplify (3x? — 7x + 2) + (7x? + 2x — 7). Use a horizontal format. 


(3x3 — 7x + 2) + (7x? + 2x — 7) ® Use the Commutative and 


Se ely 7) Associative Properties of Addition to 
rearrange and group like terms. 


= 3x7 + 7x? — 5x —5 ® Then combine like terms. 


wi Simplify (—4x? + 6x — 9) + (12 — 8x + 2x°). Use a vertical format. 


—4x? + 6x -— 9 ® Arrange the terms of each polynomial in descending order 
with like terms in the same column. 


Dx — 8x + 12 
2x? — 4x? - 2x + 3 ® Combine the terms in each column. 


Example 1 You Try It 1 
Use a horizontal format to simplify Use a horizontal format to simplify 
(8x? — 4x — 9) + (2x? + 9x — 9). (—4x3 + 2x? — 8) + (4x? + 6x* — 7x + 5). 


Solution Your solution 
(8x? — 4x — 9) + (2x? + 9x — 9) 

= (8x? + 2x”) + (—4x + 9x) + (-9 — 9) 

= 10x? + 5x — 18 


Solution on p. S8 
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Example 2 You Try It 2 
Use a vertical format to simplify Use a vertical format to simplify 
(—5x? + 4x? — 7x + 9) + (2x? + 5x — 11). (6x3 + 2x + 8) + (—9x? + 2x? — 12x — 8). 


Solution —5x° + 4x7 -— 7x + 9 Your solution 
Dr + 5x — 11 
—3x3 + 4x* — 2x — 2 


Solution on p. S8& 


Objective B_ To subtract polynomials ..........cccscsccccsesecsccseesseesssseeensnseesersenneaseseenes ({14}) 


The opposite of the polynomial (3x? — 7x + 8) is —(3x° — 7x + 8). 


To simplify the opposite of a polyno- —(3x? — 7x + 8) = —3x*° + 7x —8 
mial, change the sign of each term 
inside the parentheses. 


TAKE NOTE Polynomials can be subtracted using either a horizontal or a vertical format. To 


PE Ue Ean ee subtract, add the opposite of the second polynomial to the first. 


for subtraction of integers: 


subtraction is addition of the «i> Simplify (4y? — 6y + 7) — (2y*? — 5y — 4). Use a horizontal format. 
opposite. 
(Ay ee OV) (2) ee) ees) 
= (47 = 6y + 7) (= 2) Sy 4) ® Add the opposite of the second 
= —2y? + 4y? + (=6y + Sy) + (7 + 4) polynomial to the first. 
= =—2y? + 4y? —y + 11 * Combine like terms. 


> Simplify (9 + 4y + 3y*) — (2y? + 4y — 21). Use a vertical format. 
The opposite of 2y* + 4y — 21 is —2y? — 4y + 21. 


By + dys 9 ® Arrange the terms of each polynomial in descend- 
—2y* — Ay +21 ing order with like terms in the same column. 
ay) = Vk +30 ® Note that 4y — 4y = 0, but 0 is not written. 


Example 3 You Try It 3 
Use a horizontal format to simplify Use a horizontal format to simplify 
(7c? — 9c — 12) — (9c? + 5c — 8). (—4w? + 8w — 8) — (3w? — 4w? — 2w — 1). 


Solution Your solution 
(7c? — 9c — 12) — (9c? + 5c — 8) 

= (7c? — 9c — 12) + (—9c? — 5c + 8) 

= —2c* — 14c — 4 


Example 4 You Try It 4 
Use a vertical format to simplify Use a vertical format to simplify 
(3k? — 4k + 1) — (Kk? + 3k? — 6k — 8). (13y? — 6y — 7) — (4y? — 6y — 9). 


Solution Your solution 
3k? — 4k + 1 ® Add the opposite of 

—k? — 3k? + 6k + 8 (k? + 3k? — 6k — 8) 

—I3 ne yh ENG) to the first polynomial. 


Solutions on p. S8& 
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4.1 Exercises 


Objective A 


State whether the expression is a monomial. 


7 
1. il'7/ Ie 3x* 3. Vx 4. XYZ 
2 xy 
5. =y 6. = Ik, Wee 8. 1x 
3 Z 
State whether the expression is a monomial, binomial, trinomial, or none of these. 
9. 3x+5 10. 2y — 3Vy 11. 9x? -x-1 12. ?+y 
13. oe 3 14. a 15. 6x? + 7x 16. 12a*- 3a +2 
a8 


Simplify. Use a vertical format. 


17. (x? + 7x) + (—3x? — 4x) 18. 


19. (y? + 4y) + (—4y — 8) 20. 


21. (2x? + 6x + 12) + (3x7 +x + 8) 22. 


23. (—7x +x° + 4) + (2x? + x — 10) 24. 


25. (2a? — 7a + 1) + (1 — 4a — 3a’) 26. 


Simplify. Use a horizontal format. 


271. (4x? + 2x) (x? + 6x) 28. 
29. (4x? — 5xy) + (3x? + 6xy — 4y’) 30. 
31. (2a? — 7a + 10) + @ + 4a + 7) 2. 
33. (7x + 5x° — 7) + (10x? — 8x + 3) 34. 
35. (7 — 5r + 2r7) + (3r? — 6r) 36. 


(3yse2y eno. 1 Oy) 


(3x? + 9x) + (6x — 24) 


(x? +x + 5) + (3x? — 10x + 4) 


Ce Schr (ae = 3) 


(5r? — 6r? + 3r) + (-3 -— 2r +1’) 


(—3y? + y) + (4y? + 6y) 


(2x? — 4y*) + (6x? — 2xy + 4y’) 


(—6x? + 7x + 3) + (3x7 + x + 3) 


(4y + 3y? + 9) + (2y? + 4y — 21) 


(14 + 4y + 3y?) + (—4y? + 21) 
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Objective B 


Simplify. Use a vertical format. 


37. (x? — 6x) — (x? — 10x) 38. (y? + 4y) — (y’ + 10y) 

39. (2y? — 4y) — (—y? + 2) 40°) i(—3a? = 2a) — ata) 

Al. (x7 = 2x4 1) — (@? + 5x + 8) 42.° (x5+ 2x — 2) — 6x =o) 
43. (4x3 + 5x + 2) — (1 + 2x — 3x’) 44, (Sy? —y + 2) — (-3 + 3y — 2y’) 
45. (—2y + by? + 2y) - (4 +92 +9’) 46. 4—-£ = 22) = (C2 see) 


Simplify. Use a horizontal format. 


47. (y? — 10xy) — (2y? + 3xy) 48. (x? — 3xy) — (—2x* + x) 

49. (3x7 +x — 3) -— (4x + x? - 2) 50. (6y?—2y +) Gy 2 
51. (-—2x°+ x -— 1) — (-x? + x — 3) 52. (2x? + 5x — 3) — (3x? + 2x — 5) 
53. (1 — 2a + 4a°) — @ — 2a + 3) 54. (7 — 8b +b’) — (4b* — 7b — 8) 
55. (-1 —y + 4y*) — 3 — 3y — 2y’) 56. (—3 — 2x + 3x*) — (4 — 2x? + 2x?) 


APPLYING THE CONCEPTS 


57. What polynomial must be added to 3x? — 6x + 9 so that the sum is 
Bye Se Se Bap) 


58. What polynomial must be subtracted from 2x”? — x — 2 so that the dif- 
ference is 5x? + 3x + 1? 


In your own words, explain the terms monomial, binomial, trinomial, 
and polynomial. Give an example of each. 


Is it possible to subtract two polynomials, each of degree 3, and have 
the difference be a polynomial of degree 2? If so, give an example. If 
not, explain why not. 


Ss Se 


61. Is it possible to add two polynomials, each of degree 3, and have the 


Y sum be a polynomial of degree 2? If so, give an example. If not, explain 
why not. 
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ABS, Multiplication of Monomials 


Objective A ] Ee) es ear Ror, Re Ree Oe Oe er, a, 
jective To multiply monomials (T14}) ((5}) 
Recall that in an exponential expression such as x°, x is the base and 6 is the 
exponent. The exponent indicates the number of times the base occurs as a 
factor. 
The product of exponential ex- 3 factors 2 factors 
pressions with the same base Can 43. x2 = (xxx) + (x- x) 
be simplified by writing each ee 
expression in factored form and emer 
writing the result with an ee 
exponent. . 
Note that adding the exponents x -x =x °=x 
results in the same product. 
Rule for Multiplying Exponential Expressions 
If m and rare positive integers, then x” - x” = x”"". 
wi Simplify: y* - y - y° 
VAY ty ® The bases are the same. Add the 
=y exponents. Recall that y = y'. 
= Simplify: (—3a*b*) (2ab*) 
(—3a*b?) (2ab*) = (—3 - 2)(a* - a)(b° - b*) ® Use the Commutative and 
Associative Properties of 
Multiplication to rearrange and 
EScE NOTE group factors. 
The Rule for Multiplying = —-6(q 2)(D =") ° Multiply variables with the 
Exponential Expressions same base by adding their 
requires the bases to 2 me exponents. 
same. The expression a°b ee ae 
cannot be simplified. = —6a°b © Simplify. 


Example 1 Simplify: (—5ab*)(4a°) You Try It1 Simplify: (87272) (—3n°) 


Solution Your solution 
(—5ab?) (4a°) -A)(a-a>)b° 
=20a°h> 


Example 2. Simplify: (6x*y’) (4x*y’) You Try It2 Simplify: (12p*q*)(—3p°q’) 


Solution Your solution 
(6x3y?) (Ax*y5) = (6 - 4)(x? - x4) (y’ - y”) 


= 240 


Solutions on p. S8 
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Objective B 


POINT OF INTEREST 


One of the first symbolic 
representations of powers 
was given by Diophantus 

(c. 250 A.D.) in his book 
Arithmetica. He used A” for 

x? and «* for x*. The symbol 
AY was the first two letters 

of the Greek word dunamis 
meaning power; «* was from 
the Greek word kubos meaning 
cube. He also combined these 
symbols to denote higher 
powers. For instance, Ax was 
the symbol for x°. 


Example 3 


Solution 


Example 4 


Solution 


Simplify: (—2p?r)* 
(—2p?r)* = (—2)!4p3-4y1-4 


Simplify: (2a7b) (2a*b’) 
(2a*b) (2a*b’)? 


Chapter 4 / Polynomials 


To simplify powers of monomials 


The power of a monomial can be simplified by writing the power in factored 
form and then using the Rule for Multiplying Exponential Expressions. 


(a*b*)* = (a’b’) (a*b*) 


oa: Spe 


4)3 = x4 A noth 


CS) Sr x © Write in factored form. 


® Use the Rule for Multiplying 


Exponential Expressions. 


= 5% = q'h® 


Note that multiplying each exponent inside the parentheses by the exponent out- 
side the parentheses results in the same product. 


(xt = x49 = x? (7b?) = a??b?? = a'b® © Multiply each exponent inside 
the parentheses by the exponent 


outside the parentheses. 


Rule for Simplifying the Power of an Exponential Expression 


If mand rn are positive integers, then (x”)" = x””. 


Rule for Simplifying Powers of Products 


If m,n, and p are positive integers, then (x”y”)? = xy. 


=> Simplify: (5x?y?)? 
(5x2y3)? = 51°3,23y3-3 
= Bix ya 
= 125x°y" 


® Multiply each exponent inside the parentheses by the 
exponent outside the parentheses. Note that 5 = 5’. 


® Evaluate 5°. 


You Try It3 Simplify: (—3a*bc’)? 


Your solution 
| 6p 12,4 


You Try It 4 


Simplify: (—xy*)(—2x3y?)? 


Your solution 


= (2ab) (2! 3a? 3h?3) 
= (2a D)i2ab.) 
= (2a*b) (8a°b°) = 16a""b* 


Solutions on pp. S8-S9 


Copyright © Houghton Mifflin Company. All rights reserved. 


Section 4.2 / Multiplication of Monomials 169 


4.2 Exercises 


Objective A 
Simplify. 
1 (6x7 )(5x) 2. (—Ay*)(2y) 3. (7c*)(—6c*) 4. (—8z°)(5z°) 
5. (—3a*)(—3a’*) 6. (—5a°)(—2a°) Lommel X ave) So Gey, ices) 
9. (—2x"*) (5x*y) 10. (—3a?)(2ab*) 11. (—4x’y*) (—3x°y4) 12. (—6a*b*)(—4ab’) 
13. (2xy) (—3x’y") 14. (—3a’b)(—2ab?) 155 0 yoy, ) 16. (—ab’c)(a’b°) 
17. (—a’b)(—ab’c*) 18. Gi y 2x) 19. (—5a*b’)(6a°b°) 20. aye 2ey) 
21. (—6a*)(—a’b) 22. (—2a’b*)(—4ab’) 23%e-(— dy z) © 8y"z2) 24. (3x’y) (—4xy’) 
25. (xy) (yz) (xyz) 26. (xy*z) (x’y) (z’y’) 27. (3ab*)(—2abc) (4ac’) 
28. (—2x°y?)(—3x°z") (—5y°z?) 29. (4x*z) (—yz*) (—2x°z’) 30. (—a*b*)(—3a‘c?) (4b°c*) 
31. (—2x*y>) (xy) (—5x%y*) 32. (4a’*b) (—3a*b*) (a°b’) 33. (3a°b)(—6bc) (2ac’) 
= Objective B 
' cE 
b F Simplify. 
| iy 34, (z*)3 35. (ey) 36. (y*) Bee ia): 382 (Gy) 
E Boe (=k) 407 x) 41 yey 42, (= 3y)? A435 (2x); 
: 
- 44. (a°b‘)° 45. (x’y'Y 46. (2x°y4) Cy holtre 48. (—2ab’)" 
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49. (—3x°y’) 50. (3b7)(2a*)* 51 (= 2x) (2%7)7 52. (Opie3y)- | 
5S ox) xy) 54. (a*b)’(ab) 55. (ab’)*(ab)* 56. (—x’y*)?(—2x’y)? 

57. (—2x)3(—2x*y)? 58. (—3y)(—4x’y’)? 59. (—2x)(—3xy’) 60. (—3y)(—2x’y)? 

61. (ab’)(—2a*b) 62. (a’*b’)(—3ab*) 63. (—2a*)(3a*b)° 64. (—3b7)(2ab’)> 

APPLYING THE CONCEPTS 

Simplify. 

65. 3x? + (3x) 66. 4x? — (4x)? 67. 2x ye Gey) 682) tt (ery 


69. (2a°*b’)’? — 8a°b® 70. 4y2z* — (2yz*)? Tle cy yey 72. _3@) = 4a° + Qa’)? 


For Exercises 73 to 76, answer true or false. If the answer is false, correct the right-hand side of the 
equation. 


73. (-a)> = —-a3 74. (-b) =b 75. (x2) = x24 =x! 16. Yo ee 


77. Evaluate (2°)? and 2°”. Are the results the same? If not, which expres- 
sion has the larger value? 


78. Ifn is a positive integer and x" = y", does x = y? Explain your answer. 


79. The distance a rock will fall in t seconds is 16¢? (neglecting air resis- 
tance). Find other examples of quantities that can be expressed in terms 
of an exponential expression, and explain where the expression is used. 


i 80. Explain in your own words how to multiply monomials. 
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4.3 Multiplication of Polynomials 


Objective A To multiply a polynomial by a MONOMIal ..........cc cece seseecesceseeeees (a) 


To multiply a polynomial by a monomial, use the Distributive Property and the 
Rule for Multiplying Exponential Expressions. 
«i» Simplify: —3a(4a? — 5a + 6) 


—3a(4a* — 5a + 6) = —3a(4a’) — (—3a)(5a) + (—3a)(6) ® Use the Distribu- 
= —12a* + 15a* — 18a tive Property. 


Example 1 You Try It 1 
Simplify: (5x + 4)(—2x) Simplify: (—2y + 3)(—4y) 


Solution Your solution 
(5x + 4)(—2x) = —10x? — 8x 


Example 2 You Try It 2 
Simplify: 2a*b(4a* — 2ab + b’) Simplify: —a?(3a? + 2a — 7) 
Solution Your solution 
2a*b(4a? — 2ab + b’) 
= 8a'b — 4a°*b* + 2a’b? 


Solutions on p. S9 


Objective B_ To multiply two polynomials ........ccccccccccsesscsssescsssssscscsssescessenseeesees ‘Tra}) 


Multiplication of two polynomials requires the repeated application of the 
Distributive Property. 


(y — 2)(y? + 3y + 1) = (y — 2)67) + & — 2)6y) + @ —- 2) 
ey yy Overy ee 
ye ey yy) = 


A convenient method of multiplying two polynomials is to use a vertical format 
similar to that used for multiplication of whole numbers. 
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Varaoyet ol 
View e 
— 2y? — 6y — 2 = -2(y? + 3y + 1) ® Multiply by —2. 
Voeey ty = Vy 3y + 1) * Multiply by y. 
aa + ye — 5y — 2 * Add the terms in each column. 
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“p Simplify: (2a? + a — 3)(a + 5) 


2a + a- 3 
Gain Ss ® Note that spaces are provided in each 
10a? + 55a — 1D product so that like terms are in the 
2a: + q@? — 3a same column. 
2a* + 10a? + a* + 2a — 15 Add the terms in each column. 


Example 3 You Try It 3 
Simplity: 2b — b = 1)(2b = 3) Simplify: Gy" 2y° = 3)@32— 1} 


Solution Your solution 
2b° — b+1 
2b +3 
6b? — 3b +3 
Abe 207 1120 
4b* + 6b? — 2b’ b+3 


Solution on p. S9 


Objective C To multiply two DinOMialS ..........::cccccccccscceccssseseseeeeteesseceeeceeneneeeeees Trap) 


It is frequently necessary to find the product of two binomials. The product can 
be found using a method called FOIL, which is based on the Distributive 
Property. The letters of FOIL stand for First, Outer, Inner, and Last. 


e Simplify: (2x + 3)(x + 5) 


Multiply the First terms. (2-3) (Ge 5) OE ernie ede 
Multiply the Outer terms. Ox -Fe3) (ee 3) 2x -5 = 10x 
Multiply the Inner terms. (2x + 3)(x + 5) 3-x = 3x 
Multiply the Last terms. (OLE S enee pean 345i 15 
F O ial 
TAKE NOTE Add the products. (2x + 3)(x + 5) = 2x7 + 10x + 3x + 15 
FOIL is not really a different Combine like terms. = 2x* + 13x + 15 


way of multiplying. It is based 

the Distributive P : Nae : 
on the Distributive Property. => Simplify: (4x — 3)(3x — 2) 
(Diese Bi Oese 3) 


Sy 30 8) (4x — 3)(3x = 2) =Ax(Sx)  4x(=2) + (= 3) 3x) 3) 2) 
F 0 | L Be 

= 28 + 10x + 3x + 15 Be ee aca 

= 2X + 13x + 15 


= 12x — Sia 


=> Simplify: (3x — 2y)(x + 4y) 


(3x — 2y)(x + 4y) = 3x(x) + 3x(4y) + (—2y)(x) + (—2y)(4y) 
= 3x? + 12xy — 2xy — 8y? 
= 3x7 + 10xy — 8y’ 
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Example 4 You Try It 4 
Simplify: (2a — 1)(3a — 2) Simplify: (4yv — 5)(2y — 3) 


Solution Your solution 
Cg 1)(8g.— 2) 6a" = 4a — 3a = 2 
= 6a? — 7a + 2 


Example 5 You Try It 5 
Simplify: (3x — 2)(4x + 3) Simplify: (3b + 2)(3b — 5) 


Solution Your solution 
(3x — 2)(4x +3) = 12x? + 9x = 8x — 6 


12x? +x -6 
Solutions on p. S9 


Objective D To multiply binomials that have special products ...............00000. (T14}) 


Using FOIL, it is possible to find a pattern for the product of the sum and dif- 
ference of two terms and for the square of a binomial. 


The Sum and Difference of Two Terms 
(a+ b)(a— b) = a? — ab+ ab— BD’ 


Safe 


Square of first term ase) 
Square of second term 


The Square of a Bionomial 
(a+ b)? = (a+ b)(at+ b) =a? + ab+ ab+ b’ 
=a’°+ 2ab+ b? 


Square of first term tad | 


Twice the product of the two terms 
Square of the last term 


wi Simplify: (2x + 3)(2x — 3) 


(2x + 3)(2x — 3) = (2x)? — 3? ® This is the sum and 
= 4,72 — 9 difference of two terms. 


=> Simplify: (3x — 2)? 


(ore) (3h) hee(3x)(—2) (2): ® This is the square of a 
= 9x’? -— 12x + 4 binomial. 
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Example 6 You Try It 6 
Simplify: (4z — 2w)(4z + 2w) Simplify: 2a + 5c)i\Qa=se) 


Solution Your solution 
(4z — 2w)(4z + 2w) = 1627 — 4u” 


Example 7 You Try It 7 
Simplify: (27 — 3s) Simplify: (3x + 2y)? 


Solution Your solution 
(2r — 3s)? = 4r? — 12rs + 9s? 


Solutions on p. S9 


Objective E To solve application problem ...........cccccccccccccccccccseeceeeeeseneeseesenneners (T14}) 


Example 8 You Try It 8 

The length of a rectangle is (x + 7) m. The radius of a circle is (x — 4) ft. Use the 

The width is (x — 4) m. Find the area of the equation A = mr’, where r is the radius, to 

rectangle in terms of the variable x. find the area of the circle in terms of x. 
Leave the answer in terms of 7. 


Strategy Your strategy 
To find the area, replace the variables L and 

W in the equation A = L - W by the given 

values and solve for A. 


Solution Your solution 
A=L:-W 

A= (x + 7)(x — 4) 

A=x’* — 4x + 7x — 28 

A=x? + 3x — 28 


7) 


The area is (x* + 3x — 28) m2. 


Solution on p. S9 
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4.3 Exercises 


Objective A 
Simplify. 


Lee ( x2) 


5. 3a7(a — 2) 


9. —x3(3x7 — 7) 


136 (2x — 4)3x 


17. —xy(x? — y’) 


21. —a(—2a* — 3a — 2) 


24. y>(—4y? — 6y + 7) 


27a 130 4)(--22) 


30. —5x?(3x? — 3x — 7) 


Objective B 


Simplify. 
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33. (x7 +3x+2)(«+ 1 


14. 


18. 


) 


Vier) 3, 
4b2(b + 8) 7h. 
a (2) aay) 11. 
Gy = 2)y 15. 
=x ile — ¥ ) 19. 


22. 


28. 


Sf. 


34. 
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Syalse BE 70 


—5x?(x? — x) 


2x(6x? — 3x) 


(3x + 4)x 


x(2x3 — 3x + 2) 


—b(5b* + 7b — 35) 


ITs thi on ae TA) 


(0 2b) (5p) 


xy(x? — 3xy + y’) 


(x? — 2x + 7)(x — 2) 


23. 


IDPS 


16. 


20. 


26. 


29. 


a2. 


55; 


aly) 


—6y*(y + 2y?) 


3y(4y — y’) 


(Qe al) 2x 


y(S3y7 = 29 216) 


x?(3x* — 3x? — 2) 


4x?(3x* — 2x + 6) 


= 3y (= 2y i= 2) 


ab(2a* — 4ab — 6b’) 


(a? — 3a + 4)(a — 3) 
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36. (x? — 3x + 5)(2x — 3) 37. (—2b? — 3b + 4)(6 — 5) 38. (—a’? + 3a — 2) Qa al) 
39. (—2x2 + 7x — 2)(3x —5) 40. (-a’ — 2a + 3)(2a — 1) 417-3) 
ne (y? — 2y)(2y + 5) 43. (x? — 3x + 2) — 4) 44. (y> + 4y? — 8)(2y — 1) 
45. (Sy? + 8y —2)Gy—8) 46. (3y? + 3y — 5)(4y — 3) 47: iba Se ie 


48. (3b°>-—5b2+7)(6b-1) 49. (y+ 2y?-—3y+1)(y+2) 50. (2a? — 3a? + 2a — 1)(2a — 3) 


Objective C 


Simplify. 

51. (x + 1)(x + 3) 52. (y + 2)(y + 5) 53. (a — 3)(a+ 4) 54. (b — 6)(b + 3) 
55. (y + 3)(y —8) 56. (x+10)(x-5) 57. (y—7)(y —-3) 58. (a — 8)(a — 9) 
59. (2x + 1)(x +7) 60. (v+2)(5y+1) 61. (3x — 1)(x +4) 62. (7x — 2)(x + 4) 
63. (4x — 3)(x — 7) 64. (2x — 3)(4x-—7) 65. (3y — 8)(y + 2) 66. (Sy — 9)(y + 5) 


67. (3x +. 7)(3x+11) 68: Ga + 6)(6a +5) 695" Wa 16)(Ga- 5) 10: 6a—12)Ca=— 7) 


71. (3a — 2b)(2a — 7b) 72. (5a — b)(7a — b) 73. (a — 9b)(2a + 7b) 
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74. (2a + 5b)(7a — 2b) 75. (10a — 3b)(10a — 7b) 76. (12a — 5b)(3a — 4b) 


demon a U2V (30 +244) 28%q (IZ Gy) (3x 3°75) 719% A244 1Sy)\ Cae 4y) 
30, Gr 2y) (2x — 5y) Sis) (Sve ey) oy) 82.) 20 = 9y)(8xs 3 Sy) 


Objective D 


Simplify. 

83. sya 5) (y+ 5) 84. (vy + 6)(y — 6) $5, 2% 3) (243) 86. (4x — 7)(4x + 7) 
87. (x + 1)’ 88. (y — 3) 89. (3a — 5)’ 90. (6x — 5)’ 

91. (x — 7)(3x* + 7) 92. (9x — 2)(9x + 2) 93. (2a +b) 94. (x + 3y)’ 
95. (x —2y)’ 96. (2e—3y) 97. (4 — 3y)(4 + 3y) 
98. (4x — 9y)(4x + 9y) 995 (6x 4+ 2y) 100. (2a — 9b)’ 

Objective E Application Problems 
101. The length of a rectangle is (5x) ft. The width is (2x — 7) ft. Find the 54 


area of the rectangle in terms of the variable x. 


102. The width of a rectangle is (3x + 1) in. The length of the rectangle 
is twice the width. Find the area of the rectangle in terms of the vari- 


able x. 
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103. The length of a side of a square is (2x + 1) km. Find the area of the 
square in terms of the variable x. Rage 


Fa ER A ara 
LA ec eEEUReN He 


104. The radius of a circle is (x + 4) cm. Find the area of the circle in terms 
of the variable x. Leave the answer in terms of 7. 


ose 


Hine ee EGER ice ae 
fA SE IMM RY ei 


105. The base of a triangle is (4x) m and the height is (2x + 5) m. Find the 
area of the triangle in terms of the variable x. 


= 
z 
= 
= 
= 
2 


106. A softball diamond has dimensions 45 ft by 45 ft. A base-path border 

x feet wide lies on both the first-base side and third-base side of the 
= diamond. Express the total area of the softball diamond and the base 
2 paths in terms of the variable x. 


107. An athletic field has dimensions 30 yd by 100 yd. An end zone that is 
w yards wide borders each end of the field. Express the total area of 
- the field and the end zones in terms of the variable w. 


_ APPLYING THE CONCEPTS 


. Simplify. 
108. (a + bP - @- by 109. (x? +x - 3) 110. (a +3) 


: 111. What polynomial has quotient 3x — 4 when divided by 4x + 5? 
d| 


112. Add x? + 2x — 3 to the product of 2x — 5 and 3x + 1. 

a 

be 

a 

“ 113. Subtract 4x* — x — 5 from the product of x? + x + 3andx — 4. 
F 

Le 


_ 114. Ifa polynomial of degree 3 is multiplied by a polynomial of degree 2, 
eS what is the degree of the resulting polynomial? 


& 115. Is it possible to multiply a polynomial of degree 2 by a polynomial of 
i VA degree 2 and have the product be a polynomial of degree 3? If so, give 
an example. If not, explain why not. 
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4 4 Integer Exponents and 
Scientific Notation 


Objective A To divide MOMOMIAIS ........1:.ccccccceeecscereceotecessccesetescnrecsesssesess Trap) (Be) | 


The quotient of two exponential expressions with 
the same base can be simplified by writing each 5 7 
expressions in. tactored form, -dividins™'by the’, = ——.._-_ = 
common factors, and then writing the result with ' 
an exponent. 


Note that subtracting the exponents gives the * eee 
same result. x 


To divide two monomials with the same base, subtract the exponents of the 
like bases. 


: : a’ 
»» Simplify: 3 


Emme © The bases are the same. Subtract the exponents. 


: nee take 
»» Simplify: a 


= ro—78-1 
CE 


« Subtract the exponents of the like bases. 
= Ft 
ae, fo" 
=> Simplify: a 


Because the bases are not the same, ee is already in simplest form. 


4 
. . x . . . °C 
Consider the expression =, x ~ 0. This expression can be simplified, as shown 
x 


below, by subtracting exponents or by dividing by common factors. 


1 1 1 1 
x" 4—4 0 pi a ORE Bo ae 
a Fee Gee are 
1 1 1 1 
The equations 2 =." and <= = | suggest the following definition of x°. 


Definition of Zero as an Exponent 


lf x ~ 0, then x° = 1. The expression 0° is not defined. 
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POINT OF INTEREST 


In the 15th century, the 
expression 12?” was used to 
mean 12x *. The use of m 
reflected an Italian influence. 
In Italy, m was used for minus 
and p was used for plus. It was 
understood that 2m referred to 
an unnamed variable. Issac 
Newton, in the 17th century, 
advocated the current use of a 
negative exponent. 


TAKE NOTE 


Note from the example at the 
right that 2+ is a positive 
number. A negative exponent 
does not change the sign of a 
number. 


TAKE NOTE 


The exponent on nis —5 
(negative 5). The n ° is written 
in the denominator as n°. The 
exponent on 3 is 1 (positive 1). 
The 3 remains in the numerator. 


«> Simplify: (12a*)°, a # 0 


Ge ® Any nonzero expression to the zero power is 1. 


mp Simplify: —(4x%y’)° 
(At) eal) 


4 
. . x : . * “Ce 
Consider the expression =, x # 0. This expression can be simplified, as shown 
x 


below, by subtracting exponents or by dividing by common factors. 


= 
oS 
8 
Bf Se 
Pa ar 


ER [Rad 
BR] Re 


4 


4 
The equations x =x ’and a =! suggest that x “= —. 
x 


Definition of a Negative Exponent 


If x ~ 0 and nis a positive integer, then 


and 


An exponential expression is in simplest form when it is written with only posi- 
tive exponents. 


mp Evaluate 27+. 


yeah 
2? ® Use the Definition of a Negative Exponent. 
| 
= 16 ® Evaluate the expression. 


=> Simplify: 317° 


ee, iy ., So e Use the Definition of a Negative Exponent to 
i ae rewrite the expression with a positive exponent. 
dente Cree? 
mp Simplify: ee 
2 a 2D ya ee, potages 2a" Use the Definition of a Negative 
5g4 5) fad) es Exponent to rewrite the expression 


with a positive exponent. 
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4 


2 
The expression (=) , y #0, can be simplified by squaring 5 or by multiplying 


3 


each exponent in the quotient by the exponent outside the parentheses. 
2 : , 
e : e x4 - xt. x4 4 yit4 x as 2 ~ ieee 
yp ys y ys ; y yrs yo yp ye? yo 


Rule for Simplifying Powers of Quotients 


m\? 
If m,n, and q are integers and y # 0, then (=) 


2 
(<) ~ BaA-2) ¢ Use the Rule for Simplifying Powers of Quotients. 


=a = © Use the Definition of a Negative Exponent to 
write the expression with positive exponents. 


The example above suggests the following rule. 


Rule for Negative Exponents on Fractional Expressions 


lf a ~ 0, b ~ 0, and nis a positive integer, then 


Now that zero as an exponent and negative exponents have been defined, a rule 
for dividing exponential expressions can be stated. 


Rule for Dividing Exponential Expressions 


m-n 


If m and n are integers and x ~ 0, then = = x 


=2 
= Evaluate ~ 


572 ; . 
seat a vg kn ° Use the Rule for Dividing Exponential Expressions. 
1 | ® Use the Definition of a Negative Exponent 

ms 125 to rewrite the expression with a positive 


exponent. Then evaluate. 
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; Bee bee 
=> Simplify: 2 


© Use the Rule for Dividing Exponential Expressions. 


ora A 
ae 
=x? ® Subtract the exponents. 
2m © Use the Definition of a Negative Exponent 
x5 to rewrite the expression with a positive 


exponent. 


The rules for simplifying exponential expressions and powers of exponential 
expressions are true for all integers. These rules are restated here along with the 
rules for dividing exponential expressions. 


Rules of Exponents 


If m,n, and p are integers, then 


(x)" =m (x™y")P = xmyn 


= Simplify: (3ab~*) (—2a™b’) 


(ab) (=24b) = [3 21Gb) ® When multiplying expressions, add 
Seok the exponents on like bases. 
6b° 


m> Simplify: Eel 


8m'n? 
TE ee =f =3 9) 48 ety os 
ES iz Pe re ® Simplify inside the brackets. 
m'n 
Ss les 
= E "| ® Subtract the exponents. 
373415 =e) 
a — ® Use the Rule for Simplifying Powers 
4 of Quotients. 
4m? 64m! ae 
al RN ® Use the Definition of a Negative Exponent 


to rewrite the expression with positive 
exponents. Then simplify. 
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: ap WAarb? 
m> Simplify: ae 
LOC)? wos dg ay 
6a°b? 3a°b? 
dq72-5p>-2 
ee sae 
pt Dab: Z Di 
3 3a’ 


Sitphitys(— 2x) (3x2)~ 
(2) (Ga) (2) Gar) 


Example 1 


Solution 


(QA y 
(rt)? 
Crimea 


(erie) r >¢8 


Example 2. Simplify: 


Solution 
ead oa 0) 78 


— 2 -3/94-5 


davb? \~ 
6a‘b ? 


4a-2b? | ~ 2a-*h> | 
Solution = aa 


Example 3 Simplify: | 


6a‘b ? 3 
9-3g'8p-15 
area 

= ian 

~ Bpls 
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© Divide the coefficients by their 
common factor. 


© Use the Rule for Dividing 
Exponential Expressions. 


® Use the Definition of a Negative Exponent 
to rewrite the expression with positive 
exponents. 


You Try It1 Simplify: (2x?) (xy~4)-? 


Your solution 


(a Ay)’ 


You Try It 2 (4a3b2)2 


Simplify: 


Your solution 


You Try It 3 


3.-3 |-2 
Simplify: Ea 


Your solution 


Solutions on p. S9 
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Objective B_ To write a number in scientific notation 


POINT OF INTEREST 


An electron microscope uses 
wavelengths that are 
approximately 4 X 10°" meters 
to make images of viruses. 

The human eye can detect 


wavelengths between 43 X 10°’ 


meters and 6.9 X 10°’ meters. 
Although these are very short, 
they are approximately 10° times 
longer than the waves used in 
an electron miscroscope. 


Very large and very small numbers abound in the natural sciences. For exam- 
ple, the mass of an electron is 0.000000000000000000000000000000911 kg. 
Numbers such as this are difficult to read, so a more convenient system called 
scientific notation is used. In scientific notation, a number is expressed as the 
product of two factors, one a number between 1 and 10, and the other a power 


of 10. 


To express a number in scientific notation, write it in the forma X 10", where @ 
is a number between 1 and 10, and 7 is an integer. 


For numbers greater than or equal to 10, 
move the decimal point to the right of the 
first digit. The exponent n is positive and 
equal to the number of places the decimal 
point has been moved. 


For numbers less than 1, move the decimal 
point to the right of the first nonzero digit. 
The exponent 7 is negative. The absolute 
value of the exponent is equal to the number 


93,000,000 = 9.3 * 10° 
ed 


0.0003 = 3.0 x 10~ 
ee 


ho 


0.0000832 = x 10> 
SS A 


of places the decimal point has been moved. 


Changing a number written in scientific notation to decimal notation also 
requires moving the decimal point. 


When the exponent is positive, move the deci- 3.45 X 10° = 3,450,000. 
mal point to the right the same number of —— 
places as the exponent. 23 X1¢= 


230,000,000 
2 eee A 


When the exponent is negative, move the deci- 
mal point to the left the same number of 
-places as the absolute value of the exponent. 


8.1. *.10 > = 0.068) 
ae 


6.34 X 10°? = 0.000000634 
eee 


Example 4 Write the number 824,300,000 


in scientific notation. 


824,300,000 = 8.243 x 10° 


You Try It4 Write the number 0.000000961 
in scientific notation. 


Solution Your solution 


Write the number 6.8 X 10°'° 
in decimal notation. 


Example 5 You Try It5 Write the number 7.329 x 10° 


in decimal notation. 


6.8 xX 107! = 0.00000000068 


Solution Your solution 


Solutions on p. S9 
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4.4 Exercises 


a ee rt ne OS EP! A A ee Ae we Oe Or A PD Pp a FA A 8 Oe eR Oe We ee 6 we wwe, ole eee 


Objective A 
Evaluate. 
1 1 
Z -3 panto pee. 
{.;, 5 oe 3 32 4. 1D 
a Sr? a 3 
D: 3 6. 5 7. 73 8 3 


Simplify. 
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Ae 6ys 12% —24c? 
45. = AS =e 
125° na 8y” one 18x° —36c™ 
ye a°b? 2m°n? abe: 
49. =a , o) sare 
xy ao rom at 5mn'? ae Cr 
pq? a‘b> Saye 14a*b° 
53. 54. ; : 
p'q* a°b® 55 6x*y8 56 D 1a°b® 
aa 14x46? ae 24a*b'c? EG 15mn°p* Pa 25x Ze 
16x3y°z 36a'b°c *  30m*n°p "3208 y7ze 
61. (—2xy’)° 62. (—3x 4)? 63m0 (34> 9" 2 
64. (Sxy 7)? 652s ire) 66: (=25 >) x! 
67. (—5a’)(a°) | 68. (2a *)(a’b"') 69. (—2ab~’)(4a *b) 7? 
iy, (Gas Nona i, (BR ip Ce 
x Ly) (2x ea) 72, — yo 
a’b 
‘7 
3x *y? Dig 3x72 14,4 2 
73. 74 75 cai . 
6xy? Sky ; US 2x73 2 
xy xy S 
Om 
E 
1 4 E | 
=i, = ale = = 
77. = ri, Ue 79) ee 30. (2 
3 oo a 
. % ay yO 
= 
oy 
oD 
Ea 
5 | 
OF 
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ae 3\S3 DLS = 4 =f yt 
Shy ee cpx, pace, Sey es ices 
ay —27a*b 96x44 44y*2° 
20D —(8a*b*) —(14ab*)’ (2aacb2 a 
85. ——— ee Yee Aa 
—132b%¢? fe 64a°b° of 28a*b? Sh (4a2b~*)"! 
(Sierses)ae 6% ‘yz —3 15m3n’p"! =3 18a*b~2c* =2 
89... 90. | ———- . | ——_ . | 
(Gr ste) 14xy~42? rh 25m ni an 1Qaps a: 
Objective B 
Write in scientific notation. 
93. 0.00000000324 94. 0.00000012 95. 0.000000000000000003 
96. 1,800,000,000 97. 32,000,000,000,000,000 98. 76,700,000,000,000 
99. 0.000000000000000000122 100. 0.00137 101. 547,000,000 
Write in decimal notation. 
102.23 >>¢10-2 103. 1.67 x 107 104, 2107 
105. 6.8 x 10’ 10622910 107.213.0550 
108..9.05: < 10" 109. 1.02 x 10° 110297254108. 


111. Avogadro’s number is used in chemistry, and its value is approxi- 
mately 602,300,000,000,000,000,000,000. Express this number in sci- 


entific notation. 


112. 5,980,000,000,000,000,000,000,000 kg is the aproximate mass of the 
earth. Write the mass of the earth in scientific notation. 
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113. The length of an infrared light wave is approximately 0.0000037 m. 
Write this number in scientific notation, 


114. Light travels approximately 16,000,000,000 mi in one day. Write this 
number in scientific notation, 


115. One unit used to measure the speed of a computer is the picosecond. 
One picosecond is 0.000000001 s. Write this number in scientific 
notation, 


116. One light-vear is the distance traveled by light in 1 year. One light-year 
is 5,880,000,000,000 mi. Write this number in scientific notation. 


117. The electric charge on an electron is 0.000000000000000000 16 
coulomb. Write this number in scientific notation. 


118. Approximately 35 teragrams (3.5 X 10° g) of sulfur in the atmosphere 
is converted to sulfate each year Write this number in decimal 
notation. 


APPLYING THE CONCEPTS 


119. Evaluate 2° whenx = —2, —-1,0, 1, 120. Evaluate 3 when x = —2, -1,0, 1, 
and 2. and 2. 

121. Evaluate 2™* whenx = —2, -1,0, 1, 122. Evaluate 3“ when x = —2, -1,0, 1, 
and 2. and 2. 


Determine whether each equation for Exercises 123 to 125 is true or false. If the equation is false, 
change the right-hand side of the equation to make a true equation. 


“a” 


a yo 


a - 2 x x —3 : 
123. (2a)? =— 12m. —= ; 125. (243) =274 


2x*y* J \ 4v°z 


126. Simplify: (=) anes) : (sez) 


127. Ifx is a nonzero real number, is x~ always positive, always negative, 
v or positive or negative depending on whether x is positive or negative? 
Explain your answer. 


Copyright © Houghion Mittin Company, All rights reserved, 


. ae 


~' % 


CopVHANE Houghton AEM Company, ALL raghte reserved. 


‘= 


Section 4.5 / Division of Polynomials 189 


45 Division of Polynomials 


Objective A To divide a polynomial by a monomial 000000000 (71451 


To divide a polynomial by a monomial, divide each term in the numerator by the 
denominator and write the sum of the quotients. 


Us? + % 


> Simplify: = 


% 
6-37 4+% OF 3  % * Divide each term of the polynomial 
3% 3x 3x 3x by the monomial. 
= 2x’ ~x +3 © Simplity each expression. 


Example 1 Simplify: —2—— =a YouTry1 Simplify: ai 


Solution Your solution 
I 2/9 — Oy + 4 d 
LG 


ence B TO IVNIE DONIIONINING! oo occiccccccscececrnrotasepooronctocecedrsroeseaipereepadsnnnranste 14>) 


The procedure for dividing two polynomials is similar to the one for dividing 
whole numbers. The same equation used to check division of whole numbers is 
used to check polynomial division. 


(Quotient * divisor) + remainder = dividend 


> Simplify: (s? — 5« + 8) = (« — 3) 


Step 1 Z 


4-3) —-54+8 + Think: xix? =~ = x 
x? — 3x * Multiply: x x — 3) = x* — 3x 
-2x +8 © Subtract (x* — 5x) — (x* — 3x) = —2x 
Bring dovwra the 2. 
Step 2 2 7 hea 
Ln os — oe tS 
z£-% 
—24+8 © Think: x/— epi: POTS 
x 
2x +6 © Multiply. —2\ x — 3) = —2x +6 
2 © Subtract (—2x + 8) — (—-2x + 6) =2 


heck: (a — 2x — 3) +2 =r —-%+64+2=7 -55+38 


(x? — 5x + 8) = (x — 3) = «x - 
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If a term is missing from the dividend, a zero can be inserted for that term. This 
helps keep like terms in the same column. 


=> Simplify: (6x + 26 + 2x?) + (2 + x) 


(2x3 + 6x + 26) + (x + 2) © Arrange the terms of each polynomial in 
OE AAS descending order. 
a 2)2x3 at) atone a Ae) © There is no x’ term in 2x? + 6x + 26. 
2x? + 4x? Insert a zero for the missing term. 
= Ae ta OX 
— 4x? = 8x 
147-- 26 
14x + 28 
—2 
Check: 
(Qxe Ax 14) 42) (2) = Cie r6n) eB Ga oan 
2 
(2x3 + 6x + 26) = (x + 2) = 2x? — 4x + 14 — 
5 i 


Example 2 You Try It 2 
Simplify: (8x? + 4x? + x — 4) + (2x + 3) Simplify: (2x? + x? — 8x — 3) = 


Solution Your solution 
2x7 + x-1 
2x + 3)4x3 + 8x27 + x —4 ® Write the 
4x? + 6x? dividend in 
Dye ye descending 
DP Me, Bee powers of x. 
= Ue = Al 
= Be = 3 
=] 
(4x? + 8x? + x — 4) + (2x + 3) 
| 
Dee As 3} 


= Dx* + x 


Example 3 You Try It 3 
Simplify: (x? — 1) + (x + 1) Simplify: (x? — 2% + 1) + (x = 1) 
Solution Your solution 
Ni mec A 
x+1)x?+0-1 ® Insert a zero for 
x +x the missing term. 
= 37 = Il 
a ell 


Solutions on p. S9 
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4.5 Exercises 


Objective A 
Simplify. 
fees 2, 16b - 40 3, ort 
5 : 3 ‘ : 
4 Tee 5 3 = ox A MES 
b 3 3x 2y 
“ Be 0x, . SW = hy 5 ie ap Shee = bee 
7 =e —3y ; K 
cy oe 2 PO wae 4 eee , 5 Sas 3 3 
e)\ ete eee ea ee es 
a £6 a 
Qaae 22s ow 15 3 
13. ox“y* + 10xy 14. 8x*y* — 24xy 15. Oy Vy 
5xy 8xy = shy 
ee aaa Sse = 8 
(ys, = (que tee {gee 
—2x? x y 
—3x? = dy? byl +9 16a*b — 20ab + 24ab* 
si), ae eg Fe nee sy eats Ue 
aC y 4ab 
Yaw S 2 2 — 3xy? *b — 15ab + 30ab’ 
Ay 22a’b — 11ab — 33ab a 9x*y + 6xy — 3xy 24. 5a a a 
llab xy Sab 
Objective B 
Simplify. 
250 (ee 140 +49) = (b= 7) DOM a =O) (8) 27 ye 2) 35) e= Oo 
ZR wok +t x) 2) (et. 2) DO (2 Vases OV 21) oe Wa 3) 30). (4x2 16) 22-44) 
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Ube (Oyioae Teas (6 = 6) Bang (Xe ote lara eel) 33:. (2 +4) ee 2) 
34. (6x? — 7x) = Gx — 2) 35. (6y? + 2y) + (2y + 4) 36. (6x7 + 7x) Hie 
Wi Ges 2 See (ee ae) 38. (@’+5a+10)+@+t2) 39. (b? — 8b — 9) + (6 — 3) 
40. (2y? — 9y + 8) + Qy + 3) 41, Gx? + 5x4) 
AQ Re OU 4k) + Ox 11) 43. (10 + 21y + 10y) + (2y + 3) 
44. (15a? — 8a — 8) + (3a +2) 45. (12a? — 25a — 7). + Ga — 7) 
46. (5 — 23x + 12x”) + (4x - 1) 47. (24 + 6a? + 25a) + (3a — 1) 
48. (x° + 3x7 + 5x +3) +(x 41) 49. (x? — 6x? + 7x — 2) + (x - 1) 
50. (x* — x? — 6) + (x? + 2) 51. (x* + 3x? — 10) + (&? — 2) 


APPLYING THE CONCEPTS 


52. In your own words, explain how to divide exponential expressions. 


f 


53. The product of a monomial and 4b is 12ab’. Find the monomial. 
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Dimensional 
Analysis 


eying 


3m 


se tine 
5 cm 


10 cm 


(3x +5) in 


5280 ft 


3 mi 


15,840 ft 
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| Focus on Problem Solving 


In solving application problems, it may be useful to include the units in order to 
organize the problem so that the answer is in the proper units. Using units to 
organize and check the correctness of an application is called dimensional 
analysis. We use the operations of multiplying units and dividing units in apply- 
ing dimensional analysis to application problems. 


The Rule for Multiplying Exponential Expressions states that we multiply two 
expressions with the same base by adding the exponents. 


In calculations that involve quantities, the units are operated on algebraically. 


= A rectangle measures 3 m by 5 m. Find the area of the rectangle. 
A=LW = (3m)(5m) = (3- 5)(m-: m) = 15 m’” 


The area of the rectangle is 15 m?* (square meters). 


«> A box measures 10 cm by 5 cm by 3 cm. Find the volume of the box. 
V = LWH = (10 cm)(5 cm)(3 cm) = (10: 5 - 3)(cm: cm: cm) = 150 cm? 


The volume of the box is 150 cm? (cubic centimeters). 


«= Find the area of a square whose side measures (3x + 5) in. 
Ars i= 3 >in. ==(3% a6) ane = (Ox ee 30x 25) ine 


The area of the square is (9x? + 30x + 25) in? (square inches). 
Dimensional analysis is used in the conversion of units. 


The following example converts the unit miles to feet. The equivalent measures 
1 mi = 5280 ft are used to form the following rates, which are called conversion 


1 mi 5280 ft 
factors. == — - 
5280 ft 1 mi 


. Because 1 mi = 5280 ft, both of the conversion factors 


1 mi d 5280 ft 


n are equal to 1. 
5280 ft 2 1 mi dl 


: : : : 5280 ft 
To convert 3 mi to feet, multiply 3 mi by the conversion factor ae 


3mi=3mi- 1 = Smi | [S280 Tt) _ 3 mfi-5280f _ 3 5980 f = 15,840 f 
ik 1 1 mi 1 oi 


Be 


There are two important points in the above illustration. First, you can think o! 
dividing the numerator and denominator by the common unit “mile” just as you 
would divide the numerator and denominator of a fraction by a common factor. 


: 5280 ft : ‘ 
Second, the conversion factor is equal to 1, and multiplying an expression 


by 1 does not change the value of the expression. 
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In the application problem that follows, the units are kept in the problem while 
the problem is worked. 


In 1980, a horse named Fiddle Isle ran a 1.5-mile race in 2.38 min. Find Fiddle 
Isle’s average speed for that race in miles per hour. Round to the nearest tenth. 


d ; 
Strategy To find the average speed, use the formula r = * where r is the 
speed, d is the distance, and ¢ is the time. Use the conversion 
ye 60 min 
actor im 
; Le! 1.5 mi L/S) ierait 60 min 
Solon | Sy asin ease ee 


aa 90 mi 
ose 


~ 37.8 mph 


Fiddle Isle’s average speed was 37.8 mph. 


Try each of the following problems. Round to the nearest tenth. 
1. Convert 88 ft/s to miles per hour. 
2. Convert 8 m/s to kilometers per hour (1 km = 1000 m). 


3. A carpet is to be placed in a meeting hall that is 36 ft wide and 80 ft long. At 
$21.50 per square yard, how much will it cost to carpet the meeting hall? 


4. A carpet is to be placed in a room that is 20 ft wide and 30 ft long. At $22.25 
per square yard, how much will it cost to carpet the area? 


5. Find the number of gallons of water in a fish tank that is 36 in. long and 
24 in. wide and is filled to a depth of 16 in. (1 gal = 231 in3). 


6. Find the number of gallons of water in a fish tank that is 24 in. long and 
18 in. wide and is filled to a depth of 12 in. (1 gal = 231 in3). 


Fh IN qacre commercial lot is on sale for $2.15 per square foot. Find the sale 


price of the commercial lot (1 acre = 43,560 ft?). 


8. A 0.75-acre industrial parcel was sold for $98,010. Find the parcel’s price per 
square foot (1 acre = 43,560 ft?). 


9. A new driveway will require 800 ft? of concrete. Concrete is ordered by the 
cubic yard. How much concrete should be ordered? 


10. A piston-engined dragster traveled 440 yd in 4.936 s at Ennis, Texas, on 
October 9, 1988. Find the average speed of the dragster in miles per hour, 


11. The Marianas Trench in the Pacific Ocean is the deepest part of the ocean. 
The depth is 6.85 mi. The speed of sound under water is 4700 ft/s. Find the 


time it takes sound to travel from the surface to the bottom of the Marianas 
Trench and back. 
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Pascal's Triangle 


POINT OF INTEREST 


Pascal did not invent the 
triangle of numbers known as 
Pascal's Triangle. It was known 
to mathematicians in China 
probably as early as 1050 A.D. 
But Pascal's Traite du triangle 
arithmetique ( Treatise 
Concerning the Arithmetical 
Triangle) brought together all 
the different aspects of the 
numbers for the first time. 


Key Words 
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| Projects and Group Activities 


Simplifying the power of a binomial is called expanding the binomial. The expan- 
sion of the first three powers of a binomial is shown below. 


a+b)=a+b 


(a + by 


(a+ b)(a +b) =a’ + 2ab+ b 
a+bp=(a+ bP%(a+ b)=@ + 2ab+bd*)(a 4+ b) =a + 3a°b + 3ab? +b 
Find (a + b)*. [Hint: (a + b)* = (a + bY (a + b)] 
Find (a + b). [Hint: (a + b) = (a + b)*(a + b)] 
If we continue in this way, the results for (a + b)° are 
(a + b)®’ =a° + 6a°b + 15a*b? + 20a°b* + 15a7b* + 6ab°> + b° 


Now expand (a + b)®. Before you begin, see if you can, find a pattern that will 
assist in writing the expansion of (a + b)® without having to multiply it out. Here 
are some hints. 


1. Write out the variable terms of each binomial expansion from (a + b)' 
through (a + b)°. Observe how the exponents on the variables change. 


2. Write out the coefficients of all the terms without the variable parts. It will be 
helpful to make a triangular arrangement as shown at the left. Note that each 
row begins and ends with a 1. Also note in the two shaded regions that any 
number in a row is the sum of the two closest numbers above it. For instance, 
1+5=6and6+ 4=10. 


The triangle of numbers shown at the left is called Pascal's Triangle. To find the 
expansion of (a + b)’, you need to find the eighth row of Pascal’s Triangle. First 
find row seven. Then find row eight and use the patterns you have observed to 
write the expansion (a + b)*. 


Pascal’s Triangle has been the subject of extensive analysis, and many patterns 
have been found. See if you can find some of them. 


| Chapter Summary 


A monomial is a number, a variable, or a product of a number and variables. 


A polynomial is a variable expression in which the terms are monomials. A poly- 
nomial of one term is a monomial. A polynomial of two terms is a binomial. A 
polynomial of three terms is a trinomial. 


The degree of a polynomial in one variable is the greatest of the degrees of any of 
its terms. 
The opposite of a polynomial is the polynomial with the sign of every term 
changed. 
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A number written in scientific notation is a number written in the forma X 10", 


Essential Rules 


where 1 < a < 10 and n is an integer. 


Rule for Multiplying Exponential 
Expressions 


Rule for Simplifying the Power 
of an Exponential Expression 


Rule for Simplifying Powers of 
Products 


Definition of Zero as an Exponent 


Definition of a Negative Exponent 


Rule for Simplifying Powers of 
Quotients 


Rule for Negative Exponents 
on Fractional Expressions 


Rule for Dividing Exponential 
Expressions 


The Sum and Difference of Two Terms 


The Square of a Binomial 


Addition of Polynomials 


Subtraction of Polynomials 


The FOIL Method 


Scientific Notation 


To express a number in scientific notation, write 
it in the form a X 10", where a is a number 
between 1 and 10, and n is an integer. If the 


(Cae — KE 


(Caw =: Biss gid 


For x #0,x°=1, 


1 


=f 


== Felt 


7 1 
Foux + 0, x "=>, and 


m\P mp 
io x 
For y #0, (=) = : 


Fora =< .0, b <0, (<) 


l| 
ET 
a(S 
3 


m 


x = 
BOnge=-O n= eee 
ix 


(a+b)a-b)=a -b’ 


(a+b) =a’ + 2ab +b? 
(a — b’? =a’ — 2ab +b? 


To add polynomials, add the 
coefficients of the like terms. 


To subtract two polynomials, add 
the opposite of the second 
polynomial to the first. 


Add the products of the First 
terms, the Outer terms, the Inner 
terms, and the Last terms. 


367,000,000 = 3.67 x 10° 


0.0000059 = 5.9 x 10°° 


number is greater than 10, the exponent on 10 
will be positive. If the number is less than 1, the 


exponent on 10 will be negative. 


To change a number written in scientific notation 2.418 x 107 = 24,180,000 
to decimal notation, move the decimal point to the 


right if the exponent on 10 is positive and to the 


9.06 x 10° = 0.0000906 


left if the exponent on 10 is negative. Move the 
decimal point the same number of places as the 


absolute value of the exponent on 10. 
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| Chapter Review 


1. Simplify: (2b — 3)(4b + 5) 2. Simplify: (12y? + 17y — 4) + (9y? — 13y + 3) 
3. Simplify: (6° — 2b? — 33b — 7) + (b — 7) 4. Simplify: (xy°z>)(x3y°z) 

Seeotmplity: —2x(4x* 4 7x = 9) 6. Simplify: — 

emeotinpiity.(2-)7 8. Simplify: (5x? — 2x — 1) — (3x? — 5x + 7) 

9. Simplify: oe 10. Simplify: (Sy — 7) 


: . 12b’ + 36b° — 3b° 
11. Simplify: (5a’b°)?(4ab) 12. Simplify: a aera 


3 eesimplity: (13) — 7y¥ 21 2y? —2y ="1) 14. Simplify: (5a? + 6a — 11) + (5a? + 6a — 11) 


: wre, —lterte 
15. Simplify: (3y? + 4y — 7)(2y + 3) 16. Simplify: = 


Copyright © Houghton Mifflin Company. All rights reserved. 


198 


17. 


19. 


Zk. 


23. 


Ze 


Zie 


29. 


30. 


31. 


S2e 


Chapter 4 / Polynomials 


Simplify: 2ab*(4a2 — 2ab + 3b?) 18. 
Simplify: (—3x7y?)? 20. 
Simplityai2< 1% ak) 2x ee 12) 22. 
Simplify: (a + 7)(@ — 7) 24. 
Simplify: (6y? — 35y + 36) = Gy — 4) 26. 
Simplify: (Sxy?)(—4xy?) 28. 


Write 0.000000127 in scientific notation. 


Write 3.2 X 107! in decimal notation. 


Simplify: (6y? + 2y + 7) — (8y? + y + 12) 


Simplify: (6b? — 2b? — 5)(2b? — 1) 


l6y? — 32y 


Simplify: 
Simplify: (2a'*b*) (—9b’c°) (3ac) 
-3)-2 


Simplify: (—3x~*y 


Simplify: (5a — 7)(2a + 9) 


The length of a Ping-Pong table is 1 ft less than twice the width of the table. 
Let w represent the width of the Ping-Pong table. Express the area of the 


table in terms of the variable w. 


The side of a checkerboard is (3x — 2) in. Express the area of the checker- 


board in terms of the variable x. 
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| Chapter Test 


; : Dee? — eee 
Simplify: Le 


~ 


1. Simplify: 2x(2x? — 3x) 


3. Simplify: a 4. Simplify: (—2xy’) (3x’y*) 
Besimplitys( 1) (4 1) 6. Simplifya@ —3)G@ SBR A 5) 
7. Simplify: (—2a’b) 8. Simplify: a ) 
: : ‘ ap. NOR? = Ge > AO 
9. Simplify: (a — 2b)(a + 5b) 10. Simplify: 7 
E 
s 
‘Ee 
Seite Sumplity: (42+ 6% — 7) = (¢—1) 12> Simplity-—3y (—2y + 3y — 6) 
A 
E 
s 
fe 
S 
(2) 
5 ie meonpliiva( 4 x 4) (24-3) 14. Simplify: (4v — 3)(4y + 3) 
g 
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Leys 


U7. 


19: 


21; 


23: 


24. 


ZS, 


Chapter 4 / Polynomials 


Simplify: (ab?) (a*b°) 


Simplify: — 


Simplity: (2% — 5)" 


Oy 


Simplify: re 


Simplify: (3x3 — 2x? — 4) + (8x2 — 8x +7) 


Write 0.00000000302 in scientific notation. 


16. 


18. 


20. 


Pape 


: : 2a'b 
Simplify: nee 


Simplify: (a? — 2a — 7) — Ga? + 2a — 10) 


Simplify: 4@<> — 7)'= Gs 3) 


Simplify: (2x — 7y)(5x — 4y) 


The radius of a circle is (x — 5) m. Use the equation A = mr?, where r is the 
radius, to find the area of the circle in terms of the variable x. Leave the 


answer in terms of 7. 
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| Cumulative Review 


1¢ 
3. 
5. 
ae 
9. 

- she 

52) 

o 

c 

5) 

o 

g 

GC 

2 

2 

ae 

S 

J 

o. 

c 

pe 13: 

Eg 

= 

2 

i=] 

° 

i 

on 

Go) 

eo 

(S) 

ica ol: 

a 

° 

oO 


Simplify: S (- 3) : 


SHWE OVGUD 5> V2 aK(—e9Y)) Ahem ey 


Simplify 213% (4+ — 3x) 4 2] 


Solve: 2x — 9 = 3x + 7 


35.2 is what percent of 160? 


Simplify: (3y° — 5y + 8) — (—2y? + 5y + 8) 


Simplify: (4xy*)(—2x’y’) 


2 


Se 


10. 


12; 


14. 


16. 


ih 9\ re 
Evaluate —3 (2) (-2). 


a — 72 
Evaluate Al! when a = —2 and b =3. 


Simplify: (12x) ( -~ ;) 


¢ 


Solve: 12 = =x 


Solve: 2 — 3(4— x) =2x +5 


Simplify: (40° — 7b? — 7) + (3b? — 8b + 3) 


Simplify: (a*b°) 


Simplify: —2y?(—3y? — 4y + 8) 
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ele 


19. 


21. 


22. 


233 


24. 


25. 


Chapter 4 / Polynomials 


Simplify: @a = 7)(Sa* — 2a + 3) 


(—2a*b*)? 


Simplify: 20. Simplify: (a* — 4a — 21) 


18. Simplify: Gb 2)6p — >) 


8a‘b§® 


Write 6.09 X 10° in decimal notation. 


Translate “the difference between eight times a number and twice the num- 
ber is eighteen” into an equation and solve. 


Fifty ounces of orange juice are added to 200 oz of a fruit punch that is 10% 
orange juice. What is the percent concentration of orange juice in the 
resulting mixture? © 


A car traveling at 50 mph overtakes a cyclist who, riding at 10 mph, has had 
a two hour head start. How far from the starting point does the car over- 
take the cyclist? 


The width of a rectangle is 40% of the length. The perimeter of the rec- 
tangle is 42 m. Find the length and width of the rectangle. 


> (a+ 3) 
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Technical writers translate technological information into 
easily understood language for use in training manuals, 
public relations brochures, and the like. The computer 
industry uses software technical writers to explain the 
programs that computers run. Generally these technical 
writers need to learn from programmers how things work 
before they write the descriptions. It is common for software 
technical writers to have a liberal arts degree with some 
courses in mathematics and science, which enable them to 
better understand technical instructions. 


Factoring 


Objectives 


Section 5.1 
To factor a monomial from a polynomial 
To factor by grouping 


Section 5.2 
To factor a trinomial of the form x* + bx +c 
To factor completely 


Section 5.3 


To factor a trinomial of the form ax? + bx +c 
by using trial factors 


To factor a trinomial of the form ax? + bx +c 
by grouping 


Section 5.4 


To factor the difference of two squares and 
perfect-square trinomials 


To factor completely 


Section 5.5 
To solve equations by factoring 
To solve application problems 


Algebra from Geometry 


The early Babylonians made substantial progress in both 
algebra and geometry. Often the progress they made in 
algebra was based on geometric concepts. 


Here are some geometric proofs of algebraic identities 
the Babylonians understood. 


b _a-b b \ a—b 
is aa b b 
a-b (a—by Ja-b ae a-b 
a-b b 
we, 
(a=by =a -2ab+b (a+b) =a +2ab+h ves 


(a—b)a+b)=a-b 


ghton Mifflin Company. All rights reserved. _ 
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Objective A 


TAKE NOTE 


At the right, the factors in 
parentheses are determined by 
dividing each term of the 
trinomial by the GCF, 5x. 
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Common Factors 


To factor a Monomial from a pOlyNOMIal ...........0...0000cceeeeeceeeneceeees (Tie) ) 
The greatest common factor (GCF) of Gx yee 28 Ge ey 

two or more monomials is the product Skee) 2 oe yy 

of the GCF of the coefficients and the GCE = 2 94> xy = 2x79 


common variable factors. 


Note that the exponent of each variable The GCF of 6x*y and 8x’y? is 2x’y. 
in the GCF is the same as the smallest 

exponent of that variable in either of the 

monomials. 


«i Find the GCF of 12a*b and 18a7b’c. 


The common variable factors are a’ 120°) = 2 -2- 3-4 =D 
and b. c is not a common variable 18a*b*c @ 2.- 3-3 -aneibise 
factor. GCF = 2 3 - ae =60-b 
To factor a polynomial means to write Multiply 
the polynomial as a product of other 
] ials. 
Daas ne Oa Factors 
2x? + 10x vee + 5) 


Pee et) 


In the example above, 2% is the GCF of the terms 2x? and 10x. It is a common 
factor of the terms. 


wi Factor: 5x° — 35x? + 10x 


Find the GCF of the terms of the polynomial. 
507 = 5-H? 
3547 = 5 <7 x 

Oar 


The GCF is 5x. 


Rewrite the polynomial, expressing each term as a product with the GCF as 
one of the factors. 


5x? — 35x? + 10x = oe + 5x(—7x) + 5x(2) 


SO Me ral te 2) * Use the Distributive Property 
to write the polynomial as a 
product of factors. 
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=> Factor: 21x?y? — 6xy° + 15x*y? 
Find the GCF of the terms of the polynomial. 
Diyas ee 
Gry, = 2324 ye 
1 yee ee 


The GCF is 3xy’. 


Rewrite the polynomial, expressing each term as a product with the GCF as 
one of the factors. 


21x?y> — Oxy® + 15x*y? = 3xy*(7xy) + 3xy"(—2y") + 3xy’Gx") 


3xy-Cxy — 2y 5x) ® Use the Distributive Property 
to write the polynomial as a 
product of factors. 


Example 1 You Try It 1 
Factom 8x + 2xy Factor: 14a? — 21a‘*b 


Solution Your solution 
The GCF is 2x. 


8x? + 2xy = 2x(4x) + 2x(y) = 2x(4x + y) 


Example 2 You Try It 2 
Factor: 1? — 5n* + 2n Factor: 27b? + 18b + 9 


Solution Your solution 
The GCF is n. 


i 5 2 — nn) (=n) 2) 
=n(n*> — 5n + 2) 


Example 3 You Try It 3 
Factor: 16x*y + 8x*y* = 12x*y° Factor: Gx*y? = 9x*y? + 12x7y" 


Solution Your solution 
The GCF is 4x’y. 


Gxye Sx — 12x ye 
= 4x*y(4) + 4x’y(2x?y) + 4x?y(—3x’y4) 
4x Wa 4 2x77 —Sxty?) 


Solutions on p. S10 
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Objective B To factor DY GrOUPiNgG .....0....ccssccsscesesssssssssssessesecssccssssssessessasssseseesses cH) 
In the examples at the right, the binomials in 2a(a + b)? 
parentheses are called binomial factors. Sean Ge — 4y) 


The Distributive Property is used to factor a common binomial factor from an 
expression. 


The common binomial factor of the expression 6x(x — 3) + y?(x — 3) is (x — 3). 
To factor that expression, use the Distributive Property to write the expression as 
a product of factors. 


6x(x — 3) + v(x = 3) = (& = 3) (6x + y’) 


Consider the following simplification of —(a — b). 
=(a—b)=—la-—b)=-a+b=b-a 
Thus, b-—a==(—b) ¢ 


This equation is sometimes used to factor a common binomial from an 
expression. 


= Factor: 2x(x —-y) + 5(y — x) 


PEN OC to NG) ay oe Ad ee =) = OL 9) © Bly — x) = 5{(—1)(x — y)] 
ey) (2X a) = —5(x— y) 


Some polynomials can be factored by grouping terms in such a way that a 
common binomial factor is found. 


> Factor: ax + bx — ay — by 


Ce Da Aya DY = (ax + bx) — (ay by) ® Group the first two terms and 
the last two terms. Note that 
—ay — by = —(ay + by). 
= x(a + b) — ya + b) 
= (2 >) (oy) e Factor the GCF, (a + ), 
from each group. 


mi Factor: 6x? — 9x — 4xy + 6y 


6x” — 9x — 4xy + 6y = (6x? — 9x) — (4xy — by) ® Group the first two terms and 
the last two terms. Note that 
—4xy + by = —(4xy — Gy). 
= K(2t= 5) — 220 = 3) 
=) (2 —3)(3x—2y) e Factor the GCF, (2x — 3), 
from each group. 
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Chapter 5 / Factoring 


Example 4 
Factor: 4x(3x — 2) — 7(3x = 2) 


Solution 
Asie 2)i—6/\( Steed) 


= (B= 247) 


Example 5 
Factom 9x — lox oxy 10y 


Solution 
Oi alae Oxy OY 


= (9x? — 15x) — (6xy — 10y) 
= Sy a(S — Sy) = Ay(Gya = 5) 
=A3% —-5)\(30 = 2y) 


Example 6 
Factor: 3x*y — 4x — 15xy + 20 


Solution 
ox ya 15x 20 


= (3x*y — 4x) — (15xy — 20) 
AOR 97.9) EGY cen) 
OA = Gas) 


Example 7 
Factor: 4ab — 6 + 3b — 2ab? 


Solution 
4ab — 6 + 3b — 2ab? 


= (4ab — 6) + (3b — 2ab’) 
= 2(2ab — 3) + b(3 — 2ab) 
= 2(2ab — 3) — b(2ab — 3) 
= (2ab — 3)(2 — b) 


You Try It 4 
Factor: 2y(5% = 2) =33(2—= 9) 


Your solution 


You Try It 5 
Factor: a? — 3a + 2ab — 6b 


Your solution 


You Try It 6 
Factor: 2mn* — n + 8mn — 4 


Your solution 


You Try It 7 
Factor: 2xy —6y — 12. 4x 


Your solution 


Solutions on p. S10 } 
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5.1 Exercises 


Objective A 
Factor. 
ee (SGP) Bh Tey I 3. 16 — 8a’ 4. 12+ 12y7 5 ox tel 
6. l6a — 24 ts We =o S200. 5 9. 1x 8x 10S 2y ey 
ii esa* + 5ae 12 Oe 13. 14y?+ lly 14. 6b° — 5b? 15. 2x* — 4x 
16. 3y* — 9y 17ers 18. 12a° — 32a’ 19. 8a® — 4a° 20. 16y* — 8y’ 
2A cy ory 22ea-b Gr ab 23 hy OXY 24. 12a*b° — 9ab 25) tee 
26. 3x° + 6x? + 9x Zi OY 20) ealOy, 28. 2x? — 4x3 + 6x? 29. 3y* —"9y? — by" 
30. 2x> + 6x? — 14x 31. 3y°? — Oy? + 24y 32 2y yey 33. 6a° — 3a°* — 2a’ 
Bite 3k) XV 355) 20-0 0d bab" 36. 5y> + 10y? — 25y 
37. 4b° + 6b? — 12b 38. 3a°*b? — 9ab? + 15b? 39. 8x2? — 4x*y + x? 
: 
= Objective B 
2 
e Factor. 
Z ; 
4 40. x(b + 4) + 3(b + 4) Alayiat 2) + (az) AQ Aye) et DI a 
 & 
2 
: 43. 3raa—b)+sa—b) A ea eae?) eV (2. ek) a5 een — 7) +77 — 7) 
8 
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5 
a 


PETC se lo) =O) 210) 47. 2y(4a — b) — (6 - 4a) 48. 8c(2m — 3n) + (3n — 2m) 


geese 
ai ra aan 
een baste 


SUL ry aT 
ree hipster 
Solin y PAIS gaat 


49. x? + 2x + 2xy + 4y 50. x? — 3x + 4ax — 12a 51.6 pi iee2pis orp + Or 


Sa 
1S 


ine 
ie 


A a 


52. #?+ 4t —st —4s 53. ab + 6b — 4a — 24 54, xy bY — 2h lO 
55, 277 —z + 2yz —y 56. =) — L0ye ty ee 57. 8v* — 12vy + 14v — 2ly 
58. 21x? + 6xy — 49x — 14y Ae Crh — (opsiorr Al ayy 60. 4a’ + 5ab — 10b — 8a 


Glas ya oy ay 2d 6250270 a ie 63.3 9 ee 


64.520b)— 3b = 3b 2a 65., 38st +7 = 2f —6s 66. 4x? + 3xy — 12y — 16x 


A 


APPLYING THE CONCEPTS 


r 


67. Factor: a. 2x? + 6x +5x +15 b. 2x7 + 5x + 6x + 15 


68. Look at parts a and b of Exercise 67. Do different groupings of the 
terms in a polynomial affect the binomial factors? 


A natural number is a perfect number if it is the sum of all its factors less than itself. For example, 6 is 
a perfect number because all the factors of 6 that are less than 6 are 1, 2, and 3, and1+2+3=6. 


69. Find the one perfect number between 70. Find the one perfect number between 490 and 
20 and 30. 500. 


eae 


ey 


eparne 
peel: 


ni 
“fe 


Ses 
Si 


71. Inthe equation P = 2L + 2W, what is the effect on P when the quantity 
L + W doubles? 


Sse 


ae 


fay ene 
pos 


eee 
as 


72. Write an expression in factored form for each of the shaded portions in 
the following diagrams. (Use the equation for the area of a rectangle 
A = bh and the equation for the area of a circle A = zr’.) 


GY kd ik 


Pete eRalea sah 


fee 


eee 


aeeuae 


cana et 
cata 
ra aut) 


pase Tt 


a 


ze 
ty 
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5 y, _ Factoring Polynomials of the Form 
. x?+ bx+ec 


Objectiv j j 2 ee 
jective A To factor a trinomial of the form x? + DX + Co cecccecccssecsesstseseeseeees Tr6)) 
Trinomials of the form x? + bx + c, where x + 8x + 12;b =8,c= 12 
b and c are integers, are shown at the 4 xa 12 b= 7 oe 12 
right. ~ —2e— 15°> = — 246 = 15 


To factor a trinomial of this form means to express the trinomial as the product 
of two binomials. 


Trinomials expressed as the product of bi- x 8 12 = (0) 2) 


nomials are shown at the right. a Tio V2 (43) ena) 
x? — 2x — 15 = (x + 3)(x — 5) 


The method by which factors of a trinomial are found is based on FOIL. Con- 
sider the following binomial products, noting the relationship between the con- 
stant terms of the binomials and the terms of the trinomials. 


(x + 6)(x + 2) =x? + 2x + 6x + (6)(2) =x? + 8x + 12 
; ; Sum of 6 and 2 
Signs in the Product of 6 and 2 
binomials are 
the same. (x — 3)(x — 4) =x? — 4x -— 3x + (-—3)(—4) =x? — 7x + 12 
Sum of —3 and —4 ———___ | 
Product of —3 and —4 
(x + 3)(x — 5) =x? — 5x + 3x + (3)(-5) =x? — 2x -— 15 
Sum of 3 and —5 
Signs in the Product of 3 and —5 
binomials are 
opposite. (x — 4)(x + 6) =x? + 6x — 4x + (-4)(6) =x? + 2x -— 24 


Sum of —4 and 6 
Product of —4 and 6 


IMPORTANT RELATIONSHIPS 


1. When the constant term of the trinomial is positive, the constant terms of the 
binomials have the same sign. They are both positive when the coefficient of 
the x term in the trinomial is positive. They are both negative when the coef- 
ficient of the x term in the trinomial is negative. 


2. When the constant term of the trinomial is negative, the constant terms of the 
binomials have opposite signs. 


3. In the trinomial, the coefficient of x is the sum of the constant terms of the 
binomials. 


4. In the trinomial, the constant term is the product of the constant terms of the 
binomials. 
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=> Factor: x? — 7x + 10 


Because the constant term is positive and the coefficient of x is negative, the 
binomial constants will be negative. Find two negative factors of 10 whose 
sum is —7. The results can be recorded in a table. 


© These are the correct factors. 


oe ihe MOE (Ge (Ger 5) ® Write the trinomial as a product of its factors. 


You can check the proposed factorization by multiplying the two binomials. 


TAKE NOTE Check: (x — 2)(x — 5) =x? — 5x — 2x + 10 
oe 

Always check your proposed = A vaste 

factorization to ensure 28 

accuracy. = Factor: x* — 9x — 36 


The constant term is negative. The binomial constants will have opposite 
signs. Find two factors of —36 whose sum is —9. 


® Once the correct factors are found, it 
is not necessary to try the remaining 
factors. 


A OKO =e a) (ee le) © Write the trinomial as a product of 


its factors. 
wp Factor: x? + 7x + 8 


Because the constant term is positive and the coefficient of x is positive, the 


binomial constants will be positive. Find two positive factors of 8 whose sum 
1Sere 


There are no positive integer factors of 8 whose sum is 7. The trinomial 
x°* + 7x + 8 is said to be nonfactorable over the integers. 


Just as 17 is a prime number, x* + 7x + 8 is a prime polynomial. Binomials 
of the form x — a and x + a are also prime polynomials. 


Example 1 You Try It 1 
Factor: x? — 8x + 15 Factor: x* + 9x + 20 


Solution Your solution 
Find two negative Factors Sum 


factors of 15 whose 
sum is —8. 


Solution on p. S10 
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Example 2 
Factor: x7 + 6x — 27 


Solution 
Find two factors of 
—27 whose sum is 6. 


x? + 6x — 27 =(x - 


Objective B 


TAKE NOTE 


The first step in any factoring 
problem is to determine 
whether the terms of the 
polynomial have a common 
factor. If they do, factor it 
out first. 


TAKE NOTE 


2y and 10y are placed in the 
binomials. This is necessary 
so that the middle term 
contains xy and the last 
term contains y’. 
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You Try It 2 
Factor: x? + 7x — 18 


= Your solution 
Factors — 
eh 27 


—1, +27 
+3, -9 
—3,+9 


ee) 
Solution on p. S10 


TOTACTOr: COMPICTONY 5.25 toscs ete a acsearle (T16} } 


A polynomial is factored completely when it is written as a product of factors 
that are nonfactorable over the integers. 


m> Factor: 4y? — 4y? — 24y 


Ay? — 4y? — 24y = 4y(y’) — 4y(y) — 4y(6) ® The GCF is 4y. 
= 4y(y? — y — 6) ® Use the Distributive Property 
to factor out the GCF. 
= 4y(y + 2)(y — 3) e Factor y* — y — 6. The two 
factors of —6 whose sum is 
—1 are 2 and —3. 


It is always possible to check the proposed factorization by multiplying the poly- 
nomials. Here is the check for the last example. 


Check: 4y(y + 2)(y — 3) = 4y(y’* — 3y + 2y — 6) 


=O ae) 
= 4y* — 4y* — 24y © This is the original polynomial. 


mp Factor: 5x? + 60xy + 100y’ 


5x? + 60xy + 100y? = 5(x*) + 5(12xy) + 5(20y’) ® The GCF is 5. 
= 5(x? + 12xy + 20y’) ® Use the Distributive Prop- 
erty to factor out the GCF. 
=I 2y) (xe +> Os) e Factor x? + 12xy + 20y’. 


The two factors of 20 
whose sum ts 12 are 2 
and 10. 


Note that 2y and 10y were placed in the binomials. The following check shows 
that was necessary. 


Check: 5(x + 2y)(x + 10y) = 5(x* + 10xy + 2xy + 20y’) 
= 5(x* + 12xy + 20y’) 
= 5x* + 60xy + 100y7 ® This is the original polynomial. 
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at 


TAKE NOTE 


When the coefficient of the 
highest power in a polynomial 
is negative, consider factoring 
out a negative GCF. Example 3 
is another example of this 
technique. 


Example 3 


Factor: 15 — 2x — x? 


Because the coefficient of x? is —1, factor —1 from the trinomial and then 
write the resulting trinomial in descending order. 


1S ee a) © 15 — 2x — x? = -1(-15 + 2x + x) 
= —(x’? + 2x — 15) 
(iD) ce amo) ° Factor x? + 2x — 15. The two 
factors of —15 whose sum is 
2are5and —3. 
Check: —(x + 5)(x — 3) = —(x? + 2x — 15) 
= —x?— 2x + 15 
SD eas ® This is the original polynomial. 


You Try It 3 


Factor: —3x* + 9x? + 12x Factor: —2x? + 14x? — 12x 


Solution 
The GCE is —3x. 


Your solution 


—3x7 + 9x? + 12x = —3x(x? — 3x —- 4) 
Factor the trinomial x? — 3x — 4. Find 
two factors of —4 whose sum is —3. 


Factors Sum 


=2, +2 0 
+1,-4 -3 


—3x7 + 9x? + 12x = —3x(x + 1)(x — 4) 


Example 4 ; 


You Try It 4 


Factor: 4x” — 40xy + 84y’ Factor: 3x* = 9xy = 12y" 


Solution 
The GCF is 4. 


Your solution 


4x? — 40xy + 84y? = 4(x? — 10xy + 21y7) 
Factor the trinomial x”? — 10xy + 21y’. 
Find two negative factors of 21 whose 


sum is —10. 
Factors Sum 
es = 2) 
=, = 7 0) 


4x? — 4A0xy + 84y? = 4(x 


Sy)e Tay) 


Solutions on p. S10 
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5.2 Exercises. 


Objective A 

Factor. 
1. x7 +3x4+2 2. x7 +5x +6 3. x*-x-2 4. x +x-6 
a en 6. a? — 2a — 35 7. a—3a+2 8. a’—-—5a+4 
9, at+a-2 10. a’-—2a-3 11. b°?-—6b+9 12. b?+8b+ 16 
13. b°+7b-8 14. y?-y—6 15. y?+ 6y —55 16. 2-42-45 
(iS ee Syp Seie) 18) 57 — 8) + 15 19. 2° -— 142+ 45 20. z? — 14z+ 49 
Qe. 2721 60) 227 ep 5 23. p?+12p +27 24. p?-—6p +8 
25. x? + 20x + 100 26. x? + 18x + 81 27. b? + 9b +20 28. b? + 13b+ 40 

& 29.05%? — dx 42 30. x? + 9x — 70 31. b’ —b —-20 32. b? + 3b —-— 40 

2 

2 

= 

A 33. y?— 14y —51 Vi Wp a P 35. p?-4p -21 36. p? + 16p + 39 

E é 

fe 

‘A 

% aah SRA ep am GPA 38.6) oy + Bl 39. x? — 20x +75 40. x? -—12x+11 

3 

+ 

: 

S} 


216 


41. 


44. 


47. 


50. 


53. 


56. 


59: 


62. 


65. 


68. 


ad, 
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p’ + 24p + 63 


x? +x— 56 


a’ — 7a — 44 


2? — 9z — 136 


c? — 3c — 180 


7+ 19c + 34 


9 


x? + 10x -— 75 


DoS eal 05 


aan 135 


a’ +27a +72 


x? — 29x + 100 


42. 


45. 


48. 


51° 


54. 


Shs 


60. 


63. 


66. 


69. 


12; 


x? — 15x + 56 


*+ 5x — 36 


co 


loge G 


Qa 


7+ 14z — 147 


NX 


aa 15z 544 


NX 


Sailor als 


9 


x? — 22x + 112 


bo 22be 2 


b* — 23b + 102 


2S A7 a 144 


NX 


x? — 10x — 96 


43. 


46. 


49. 


aye 


55: 


58. 


61. 


64. 


67. 


70. 


a3. 


x? + 21x + 38 


a? — 2la — 72 
a’ —21la+ 54 
c? —c — 90 


p? + 24p + 135 


x? = 4x — 96 
x? + 21x = 106 
a’ — 9a 336 
b? — 25b + 126 


x? + 25x + 156 


x? + Ox — 112 
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Objective B 
Factor. 

74, 2x? + 6x44 15. 3x7 + 15x.+ 18 he Jeske ihe 3 
771. 12 —4x — x? 183 %ab? + 2ab — 15a 79. ab? + Tab — 8a 
SOM oy Ox 81. xy? + 8xy + 15x 82. 2 —727 +.12z 
RS eae .00- = 4a 84. —3y? + 15y? — 18y S55 eay- ail yet 72, 
86. 3x? + 3x — 36 87. 2x? — 2x? + 4x 88 524 — 15240 
89. 62’ + 12z — 90 90. 2a? + 8a’ — 64a 91. 3a’? — 9a’ — 54a 
O21 — 5xy + by" 93. x? + 4xy = 21y’ 94. a’? — 9ab + 20b° 
95. a? — 15ab + 50b? 96. x? — 3xy — 28y’ 97. s? + 2st — 487 
98. y? — I5yz — 412? 99. y? + 85xy + 362” 100. z* — 1223 + 352 

: 

2 101. z* + 22° — 802’ 102. b* — 22b? + 120b? 103. b* — 3b* — 10b? 

ce 
= 

e : 

c 104. 2y* — 26y? — 96y’ 105. 3y4 + 54y? + 135y? 106. —x* — 7x3 + 8x? 

E 

107. —x* + 11x? +:12%7 108. 4x’y + 20xy — 56y 109. 3x*y — 6xy — 45y 

8 
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110. c> + 18c? — 40c 111. —3x> + 36x? — 81x 112. —4x? — 4x7 + 24x 
11S ee oy. oye 114. y? — 7xy — 8x 115. a? — 13ab + 42b° 
116. y? + 4yz — 212? 117. y? + 8yz + 72? 118. y? — l6yz + 152’ 
119. 3x’y + 60xy — 63y 120. 4x*y — 68xy — 72y 121. @342 sr Sx Ox 
1220) 455 12%5 — 160% 123; 427 + 32771322 124. 5z? — 50z? — 120z 
125. 4x° + 8x? — 12x 126. 5x*> + 30x? + 40x 127. ‘Sp* +125p =420 
128. 4p? — 28p — 480 129. p* + 9p? — 36p? 130. p* +p? — 56p? 
131. 7 — 12ts + 35s? 132. a*® — 10ab + 25b’ 133. a? — 8ab — 33b? 


APPLYING THE CONCEPTS 


Factor. 


134. 2+c?+4+ 9 135. x*y — 54y — 3xy 136. 45a? + a*b* — 14a’b 


Find all integers k such that the trinomial can be factored over the integers. 


137. x7 +kx+ 35 138. x7 +kx+ 18 139. x +kx+21 


Determine the positive integer values of k for which the following polynomials are factorable over the 
integers. 


140. vy +4 +k 141. 2+7z+k 142. a-—6at+k 


143,5c° ic +k 144. x°-3x+k 145. y+5y+k 


146. In Exercises 140 to 145, there was the stated requirement that k > 0. If k is allowed to be any 
integer, how many different values of k are possible for each polynomial? 
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Factoring Polynomials of the Form 
ax? + bx+c 


Objective A_ To factor a trinomial of the form ax? + bx + ¢ by using 


PIBIMACTOIS o55.147 UO ee elon oe ‘T17)) 


Trinomials of the form ax? + bx +c, 3x? — xa+4:a=3,b=-1,c= 4 
where a, b, and c are integers, are 6x7 2x —3:a=6,b= 2e 
shown at the right. 


Il 
ww 


These trinomials differ from those in the previous section in that the coefficient 
of x? is not 1. There are various methods of factoring these trinomials. The 
method described in this objective is factoring polynomials using trial factors. 


To reduce the number of trial factors that must be considered, remember the 
following: 


1. Use the signs of the constant term and the coefficient of x in the trinomial to 
determine the signs of the binomial factors. If the constant term is positive, 
the signs of the binomial factors will be the same as the sign of the coefficient 
of x in the trinomial. If the sign of the constant term is negative, the constant 
terms in the binomials have opposite signs. 


2. If the terms of the trinomial do not have a common factor, then the terms of 
neither of the binomial factors will have a common factor. 


«» Factor: 2x? — 7x + 3 


The terms have no common factor. Positive Negative 

The constant term is positive. The Factors of 2 Factors of 3 
coefficient of x is negative. The bi- (coefficient of x”) (constant term) 
nomial constants will be negative. (92 Sas 
Write trial factors. Use the Outer Trial Factors Middle Term 
and Inner products of FOIL to Geen Ope cop ENG er aere Oo 
determine the middle term, —7x, @= 3) 41) deputy 


of the trinomial. 


Write the factors of the trinomial. 2x? — 7x + 3 = (x — 3)(2x — 1) 


» Factor: 6x? — 13x + 6 


The terms have no common factor. 
The constant term is positive. The 
coefficient of x is negative. The bi- 
nomial constants will be negative. 


Write trial factors. Use the Outer 
and Inner products of FOIL to 
determine the middle term, ~ | 3x, 
of the trinomial. 


Write the factors of the trinomial. 


Positive 
Factors of 6 
(coefficient of x’) 
Be 
1,6 


Trial Factors 


(2x — 3) (3x — 2) 
(x — 6) (6x — 1) 


6x? — 13x +6= 


Negative 
Factors of 6 
(constant term) 


a 
— 1 6 
Middle Term 
—Ax — 9x = —13x 


—x — 36x = —37x 


(oe — 3) (Su eee) 
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wm Factor: 6x? + 14x? — 12x. 


Factor the GCF, 2x, from the 
terms. 


Factor the trinomial. The con- 
stant term is negative. The 
binomial constants will have 
opposite signs. 


Write trial factors. Use the 
Outer and Inner products of 
FOIL to determine the middle 
term, 7x, of the trinomial. 


It is not necessary to test trial 
factors that have a common 
factor. 


6x2 + 14x? — 124% = 2x(3x? + 7x — 6) 


Positive 
Factors of 3 


133 


Trial Factors 


(4=— Ge 6) 
(e635 = 1h 
be 1) (8% 40) 
Ga OVGx 1) 
(4 = 2)Gs-3) 
Ue iter 2) 
(er 26% =3) 
(Go = SNGae =e) 


Factors of —6 


co aS: 

1 =6 
Ppa) 

Zens 

Middle Term 


Common factor 
a8 => iske == GIIG8 
Common factor 
fa lees = ITs 
Common factor 


os — ee 
Common factor 
2x — 9x = —Tx 


Write the factors of the trinomial. 6x? + 14x? — 12x = 2x(x + 3)(3x — 2) 


For this example, all the trial factors were listed. Once the correct factors have 
been found, the remaining trial factors can be omitted. For the examples and 


solutions in this text, all trial factors except those that have a common factor 
will be listed. 


Example 1 
Factor: 3x* + x — 2 


You Try It 1 
Factor: 2x? — x — 3 


Solution 
Positive 
factous ols: 1.3 


Your solution 
Factors of —2: 1, —2 


, 


Trial Factors 


(Ge ae lke = 2) 
(ee = yee Fe i) 
GG 2) 
(Xetaee (Soe 1) 


Middle Term 


ee AE Sve 
Xie Ove= 
Ds = Bye 
59 Sr (oie == Sy 


3x7 +x —-2=(x + 1)Bx — 2) 


Example 2 


You Try It 2 
Factor: —12x*? — 32x? + 12x 


Factor: —45y? + 12y? + 12y 


Solution 
The GCF is —4x. 


Your solution 


Sl 32x Fl = ex Sx 38) 
Factor the trinomial. 


Positive 


factors Ole IS 


Trial Factors 


(3) (3%. eI) 
Gee 3(3% = 1) 


Factors of —3: 1, -—3 


=i 3 
Middle Term 


x= 9x = —8x 
=i ae Ore Ss iele 


—12x? — 32x* + 12x = —4x(x + 3)(3x — 1) 


Solutions on pp. S10-S11 
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Objective B_ To factor a trinomial of the form ax? + bx + c 


BV TOON rs rt eee a ear dir ecannuhianuranediswosolvekiorsins. (117)) 


In the previous objective, trinomials of the form ax? + bx + c were factored 
by using trial factors. In this objective, these trinomials will be factored by 
grouping. 


To factor ax* + bx + c, first find two factors of a -c whose sum is b. Then use 
factoring by grouping to write the factorization of the trinomial. 
=> Factor: 2x? + 13x + 15 


Find two positive factors of 30 (2 - 15) whose sum is 13. 


When the required sum has been 
found, the remaining factors need 
not be checked. 


2x? + 13x + 15 = 2x? 4+ 3x + 10x + 15 ® Use the factors of 30 whose sum is 
13 to write 13x as 3x + 10x. 
= (2x? + 3x) + (10x + 15) ® Factor by grouping. 
= x(2x + 3) + 5(2x + 3) 
(2 Se) 


Check your answer. (2x + 3)(x + 5) = 2x? + 10x + 3x + 15 
= 2x7 + 13% +15 


mp Factor: 6x? — 11x — 10 


Find two factors of —60 [6 - (—10)] whose sum is —11. 


6x? — 11x — 10 = 6x? + 4x — 15x — 10 e Use the factors of —60 whose 
sumis —11to write —11x as 
4x — 15x. 
= (6x7 + 4x) — (15x + 10) ® Factor by grouping. Recall 
= 2x30 4+ 2) — 5(3x + 2) ~15x — 10 = —(15x + 10). 
= s+ 2) (2¢e=5) 


Check your answer. (3x + 2)(2x — 5) = 6x* — 15x + 4x — 10 
= 6x* — 1ilx — 10 
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m> Factor: 3x? — 2x — 4 


Find two factors of —12 [3 - (—4)] whose sum is —2. 


Factors of —12 Sum 
il, = 2 =i i 

sth NZ 11 
2 —4 

=2, © 4 

3, -4 =i 

sh, al it 


TAKE NOTE 


3x? — 2x — 4is a prime 


polynomial Because no integer factors of —12 have a sum of —2, 3x* — 2x — 4 is nonfac- 


torable over the integers. 


Example 3 
Factor: 2x? + 19x — 10 


Solution 


Factors of —20 [2(—10)] Sum 
=1520 Hacks 


2x? + 19x — 10 = 2x? —x + 20x — 10 
= (2x? — x) + (20x — 10) 
= ES = ier NOOZe 1) 
= (2x — 1)(x + 10) 


Example 4 
Factor: 24x’y — 7éxy + 40y 


Solution 
The GCF is 4y. 
24x’*y — T6xy + 40y = 4y(6x? — 19x + 10) 


Negative 

Factors of 60 [6(10)] Sum 
=i, Cll) =o)! 
== 2, = SH) = BD 
== 8), =20) = D3 
Sail oe 5) —-19 


6x? — 19x + 10 = 6x? — 4x — 15x + 10 
= (6x? — 4x) — (15x — 10) 
= 2x (3% —2)i— 5(38x — 2) 
= (Gx = 2)0x 5) 


24x°y — T6xy + 40y = 4y(6x* — 19x + 10) 
a ill(Cue = Are = 5) 


You Try It 3 
Factor: 2a? + 13a — 7 


Your solution 


You Try It 4 
Factor: 15x? + 40x? — 80x 


Your solution 


Solutions on p. S11 
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Objective A 


Factor by using trial factors. 


iI 


13. 


ty. 


Zi. 


Zoe 


20: 


a3: 


oe | 
2a* — 3a +1 
2x7 +x -1 
De ip =) 
12y-7y +1 
6 — lt + 4 
5x? — 62x — 7 


7a’ + 47a — 14 


Wx DE ia VE 


14. 


18. 


22. 


26. 


30. 


34. 


5x7 + 6x + 1 


3a? — 4a + 1 


4x? — 3x -—1 


27 + 5t — 12 


Oy oy 


MO Sesh sees) 


Sher = eyo 


lla* — 54a -—5 


427+ 5z-6 


11. 


15. 


23: 


Ze 


eos 


35: 


2yo + Ty + 3 
2b*-11b +5 
25K 3 
3p? — lop +5 
OZ hes 


8x? + 33x + 4 


12y 19) 455 


Bb-—= lob + 16 


3p? + 22p —16 


16. 


20. 


24. 


28. 


32. 


36. 


3y? + 7y + 2 


3b 135-24 


3x7 + 5x — 2 


6p? + 5p +1 


927+ 3z +2 


7x? + 50x + 7 


Sy? — 22y + 8 


6b7 —=19b 34 15 


7p? + 19p + 10 
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Whe Cateye ae 2 Eh Pee ae See 6) EL dlishye ——= S10 i 635) 40. 30y? + 10y — 20 


41. 2x? — 11x? + 5x 42. 2x° — 3x? — 5x 43. 3a’b — 16ab + 16b 44. 2a*b — ab —21b 


45. 327+ 95z + 10 46, 82 — 362 + | AT. 364 = 3h = 3x. 48. —2x? + 2x? + 4x 
49. 80y? — 36y + 4 50. 24y7-24y-18 51. 82> + 1427 + 3z 52. 670 — 22 
5arcx y — tixy — 10y 54.0 68x y — Dixy Oy. 55. 107 $7250 

56. 162? + 40t — 96 57. 3p° — 16p? + 5p 58. 6p? + 5p*+p 

59. 2622 + 982 — 24 60. 30z? — 87z + 30 61. 10y? — 44y? + 1é6y 
62. 14y? + 94y? — 28y 63. 4yz> + 5yz” — 6yz 64. 12a>+ 14a” — 48a 
65. 42a? + 45a? — 27a 66. 36p* — 9p? — p* 67. 9x?y — 30xy? + 25y3 


DIR a, 2 3 
68. 8x2y — 38xy? + 35y 69. Ixy — 24x°y? + Léxy? 70. 9x°y + 12x2y + axy 
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Objective B 


Factor by grouping. 


71. 


Ti 


TRE 


83. 


Si. 


91. 


a: 


99. 


103. 


107. 


6x? — 17x + 12 


6a? + 7a — 24 


22p? + 51p — 10 


187 —9t-—5 


Ox? + 12x + 4 


B3b* + 345 — 35 


Sat 0de= 21 


827 + 2z -— 15 


10z7 — 29z + 10 


Be aay ly 


Aas 


76. 


80. 


84. 


88. 


92: 


96. 


100. 


104. 


108. 
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15x? — 19x + 6 


14a* + 15a — 9 


14p? — 41p + 15 


1277 + 28t -—5 


250 30K 


SG SD se 2? 


6a? + 23a + 21 


102 asa 


15z* — 44z + 32 


6x? + 10xy + 4y? 


Th 


hs 


81. 


85. 


89. 


2B 


Mike 


101. 


105. 


109. 


5b? + 33b = 14 


477+ 11z +6 


8y7 + 17y +9 


ee =P 1D = 7 


6b? — 13b + 6 


18y? — 39y + 20 


8y? — 26y + 15 


154 824 2d 


36z* + 72z + 35 


3a? + 5ab — 2b? 


74. 


78. 


82. 


86. 


90. 


94. 


98. 


102. 


106. 


110. 


8x? — 30x + 25 


62? — 25z + 14 


12ye— 145yet ie 


8b- 6b 8 


20b? + 37b + 15 


24y? + 41y + 12 


18y? — 27 +4 


1327 42 49%e2 8 


16z* + 8z — 35 


2a? — 9ab + 9b? 
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111. 4y? 1 1yet 622 “112 2y? F ye 52 113928 2 — 14 lo ee 
115. 8—7x—-x° 116. 12+ 11x — x? 1171 9413345.60 SLINST I l6xee= fox 12 
119. 24x? — 52x + 24 120. 60x? + 95x + 20 121. 35a‘ + 9a* — 2a’? 
122. 15a‘ + 26a? + 7a? 123. 15b? — 1155 + 70 124. 25b? + 35b — 30 
125.) 3x7 — 26%) + 35y 126. 4x7 + l6xy + 15y" 127, 216) yee 
128. 360y? + 4y —4 129. 21 — 20x — x? 130. 18+ 17x —x? 


APPLYING THE CONCEPTS 


131. In your own words, explain how the signs of the last terms of the two 
VA binomial factors of a trinomial are determined. 


Factor. 
132. (x +1’ —-(x«+1)- 6 133. (x — 2)? + 3(x —2)+2 134. (y+ 3? — 5% + 3) +6 
135. 2(y + 2"—-(y+2)-3 136. 3(a+2)/-(@+2)-4 137. 4(y-— 1% — 7(y-1)-2 


Find all integers k such that the trinomial can be factored over the integers. 


138402% kr 3 139. 2x? + kx - 3 140. 3x7 +kx +2 


142. 2x7? +kxe +5 143. 2x7 +hke -—5 
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D A Special Factoring 


Objective A_ To factor the difference of two squares and 


POTTECE-SQUArE CLINOMIAIS vescicsisssscedsrssrnedereerssnvobenesseeuconnnnsencanceesinivas 


Recall that the product of the sum and difference of the same terms equals the 
square of the first term minus the square of the second term. 


Sum and difference of two terms Difference of two squares 
(a + b)(a — b) = a’ — b? 
This suggests that the difference of two squares can be factored as 
a—b’?=(a+b)a-b) 


Note that the polynomial x* + y* is the sum of two squares. The sum of two 
squares is nonfactorable over the integers. 
wi Factor: x7 — 16 

x 16 =x) 4): © Write x’ — 16 as the difference 


Sa = 4) (Gr et) of two squares. Then factor. 


Check: (x — 4)(x + 4) =x? + 4x -— 4x - 16 


=x — 16 
=> Factor: 8x° — 18x 
ye = tiske = dv =) ® The GCF is 2x. 
= 2x[(2x)? +37] ® Factor the difference of two squares. 


= 2x(2x—1 3) (2% + 3) 
You should check the factorization. 
=> Factor: x? — 10 
Because 10 cannot be written as the square of an integer, x° — 10 is nonfac- 


torable over the integers. 


Recall from an earlier discussion the pattern for finding the square of a bino- 
mial. The result is a perfect-square trinomial. 


The Square of a Binomial 


(a+ b)? = (a+ b)(at+ b)= a? + ab+ ab+ bd’ 
=a’ + 2ab+ b’ 


Square of first term bath. tc3 437] 


Twice the product of the two terms 
Square of the last term 


This pattern is used to factor a perfect-square trinomial. 
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> Factor: 4x7 — 20x + 25 


Because the first and last terms are squares [(2x)? = 4x; 5° = 25], try to factor 
this as the square of a binomial. Check the factorization. 


4x? — 20x + 25 = (2x — 5) 


Check: (2x — 5)? = (2x)? + 2(2x)(—5) + 5? 
= 4x7 — 20x + 25 ® The factorization is correct. 


Ax? — 20x + 25 = (2x — 5)? 


=> Factor: 4x? + 37x + 9 


Because the first and last terms are squares [(2x)? = 4x”; 3? = 9], try to factor 
this as the square of a binomial. Check the proposed factorization. 


Ax? + 37x + 9 = (2x + 3) 


Check: (2x + 3)? = (2x)? + 2(2x)(3) + 3? 
= 4x? + 12x + 9 


Because 4x? + 12x + 9 4 4x? + 37x + 9, the proposed factorization is not 
correct. In this case, the polynomial is not a perfect-square trinomial. It 
may, however, still factor. In fact, 4x? + 37x + 9 = (4x + 1)(x + 9). 


Example 1 You Try It 1 
Factor: 16x? — y? Factor: 25a*'— 5? 


Solution Your solution 
16x? — y? = (4x)? — y? = (4x + y) (4x — y) 


Example 2 ; You Try It 2 
Factor: z* — 16 Factor: n* — 81 


Solution Your solution 
zo 16 =’ — # = (2? + 4) (2? — 4) 
= (27 + 4)(z — 2)(z + 2) 


Example 3 You Try It 3 
Factor: 9x- —(30x + 25 Factor: 16y? + 8y + 1 


Solution 
Oy = (34)2, 25 = (5)2 
Ox? — 30x + 25 = (3x — 5) 


Check: (3x — 5)? = (3x)? + 2(3x)(—5) + 5? 
= 9x” — 30x + 25 


Your solution 


Solutions on p. S11 
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Example 4 You Try It 4 
Factor: 9x? + 40x + 16 Factor: x? + 15x + 36 


Solution Your solution 
Because 9x” = (3x)*, 16 = 47, and 

40x # 2(3x)(4), the trinomial is not 

a perfect-square trinomial. 


Try to factor by another method. 


Ox? + 40x + 16 = (9x + 4)(x + 4) 


Example 5 You Try It 5 
Factor: (r + 2)? — 4 actor (se 2000 19) 


Solution Your solution 
(r +2 —-4=(r+ 2) — 2? 

SAA EOS NG eae) 

=rr + 4) 


Solutions on p. S11 


Objective B To factor completely ....::....::ssscsssssssssssesssssssssessesesessnsssasasassenesenensnses 


When factoring a polynomial completely, ask the following questions about the 

polynomial. 

1. Is there a common factor? If so, factor out the common factor. 

2. Is the polynomial the difference of two perfect squares? If so, factor. 

3. Is the polynomial a perfect-square trinomial? If so, factor. 

4. Is the polynomial a trinomial that is the product of two binomials? If so, 
factor. 

5. Does the polynomial contain four terms? If so, try factoring by grouping. 

6. Is each binomial factor a prime polynomial over the integers? If not, factor. 


> Factor: z? + 427 — 9z — 36 


zg? + 42? — 9z — 36 = (2? + 42’) — (9z + 36) ® Factor by grouping. Recall 
—9z — 36 = —(9z + 36). 
= 7*(z + 4) — 9(z + 4) 07> 4+ 4277 = 2(z+ 4) 
9z + 36 = 9(z + 4) 
= (z + 4)(z’ — 9) ® Factor out the common binomial 
factor (z + 4). 
Sa) a 3) = 3) ¢ Factor the difference of squares. 
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Example 6 You Try It 6 
Factor: 3x? — 48 Factor: 12x? — 75x 


Solution Your solution 
The GCF is 3. 
3x? — 48 = 3(x* — 16) 

= 3(x + 4)(x — 4) 


3x? — 48 = 3(x + 4)(x — 4) 


Example 7 You Try It 7 
Factor: x? — 3x? — 4x + 12 Factor: a2b — 7a*7-—b+7 


Solution Your solution 
Factor by grouping. 


x3 — 3x? — 4x + 12 = (x? — 3x’) — (4x — 12) 
= x7(x — 3) — 4(x - 3) 
= (x83) (a4) 

Eaee = G8 oe PM Ce a) 


x? — 3x? — 4x + 12 = (x — 3)(x + 2)(x — 2) 


Example 8 You Try It 8 
Factor: 4x’y? + 12xy? + 9y? Factor: 4x3 + 28x? — 120x 


Solution Your solution 
The GCF is y’. 


Ax?y? + 12xy? + Oy? = y*(4x? + 12x + 9) 
= (2x + 3) 


Ax?y? + 12xy? + Dy? = y(2x + 3) 


Solutions on p. S11 
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5.4 Exercises 


Objective A 

Factor. ‘ 

1x’ =4 2k 2 3. a= 81 4. a’— 49 

pay + 2y. 4 1 6. y? + 14y + 49 Tie 0 We eh is Bi ae IVES op 56) 

OF 4x? =. 1 10. 9x’? — 16 Ui 12 

13. x? + 8x — 16 1457 162 81 15. «74+ 2xy+y’ | 16. <7 + 6xy + 9y’ 
Wa 4a? + 4a"t-1 18) 250-4 102 19:550%" 1 200 49%" 
2igal = 64x" ee We ae Ae) 23. x2 + 64 24. 64a?-—16a+ 1 
25,00 + 6a +4 26200 ye 21: bE el ba 281 6b? As 8bher 1 


29. 4a? — 20a-+ 25 30. 4b? + 28b + 49 31. 9a’? — 42a + 49 32. ox Loy2 
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37, 25% — 1 38. 25a* + 30ab + 9b? 39. 4a? — 12ab + 9b? 
40. 49x? + 28xy + 4y? 41. 4y? — 36yz + 812? 42. 64y? — 48yz + 92? 
1 9 
43. Pi 4 44. ee 16 45. 9a’b? — 6ab + 1 46. 16x’*y? — 24xy + 9 
Objective B 

Factor. 

47. 8-2 48. 12n’? — 48 49. 3a° + 6a? + 3a 

50. 4rs*—4rs +r 51. m’' = 256 52. sitw 

53. 9x7 + 13x +4 - 54. 2° + 10x + 16 55. l6y* + 48y> + 36y" 

56. 36c* — 48c? + 16c’ 57. ye = 8 58. 32s*- 2 
: 
5 
iz) 
z 

59. 25 — 20p + 4p’ 60. 9+ 24a + 16a? 61. (4x — 3% -y? 
F 
q 
= 
= 
E 
b 

62. (2) 25 63: Oe a 4a 64. (4x? + 12x + 9) — 4y? = 
or 
2 
3 
1S) 
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65. 5x7 -—5 66. 2x? — 18 67. x 4+ 4x2 + 4x 


68.7 a, 10)? + 25 69 2 35 70. a‘ — 11a? + 24a? 
71. 5b? + 75b + 180 12. Oy — 48y + 72 73. 3a’ + 36a + 10 
74. 5a’ — 30a + 4 152k velo 106s 76, 3a°b + 21ab — 54b 
dis x — 647 — 5x 78. b> — 8b* — 7b 19: 3y* — 36 
80. 3y? — 147 81. 20a?+ 12a +1 82. 12a? — 36a + 27 
Sores 4 Sy 84. a*b*? + 3a*b — 88a’ 85. 10a’ — 5ab — 15b? 
B6re lor 3 2xy 4 12)" S750 =x 88.2 a 
89. a’b* — 10ab* + 25b? 90. ab? + 6ab* + 9b? 91n 124° ab ab 
up 
ba Oe 2 in ys Oxy O35 2a 8 2a2 1 Sa 94. 18a? + 24a* + 8a 
= 
. 2 Cue 2 
é 95. 243 + 3a’ 96, Gort 27y lS | Alaa 46a° + 40a 
fi 
s 
é 98. 24x? — 66x? + 15x 99. 4a°?+ 20a’ + 25a 100. 2a* — 8a*b + 8ab? 
é 
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101. 27a*b — 18ab + 3b 102. a’b? — 6ab? + 9b? 103. 48 =42x =6x77 


es 


cUneNiaTR 
Puliianes tera 
Aes eat 


LOA 21x sl 1a ey 105-6 ee 106... .b° = ap" 


Fate ly 
bb 


% 


107. 18a? + 24a’? + 8a 108. 32xy? — 48xy + 18x 109. 2b + ab — 6a’b 


110fe 15-2 x y 111. 4x4 — 38x? + 48x? 112. - 3x? — 27,’ 


Mii: ges Daye 114. y*> — 9 i516 
Beriiowis: y= 13x57 — 20ry 117. 45y? — 42y? — 24y* 118. a(2x — 2) + b(2x — 2) 


B 119. 4a(x — 3) — 2b(e —3) bi 2G See Gl. @— bee 


122. a(x’ — 4) + d(x’ — 4) 123. x(@’ — b?) —-y@ — b’) 124. 4(x — 5) — x(x — 5) 


APPLYING THE CONCEPTS 
Find all integers k such that the trinomial is a perfect-square trinomial. 


125. 4x2 -kx + 9 126. «2+ 6x+k 127. 64x? + kxy + y° 


a WAS, Gy = Dre de 1h 129. 25%7— ke 1 130. x? + 10%+4 


131. Select any odd integer greater than 1, square it, and then subtract 1. Is 
: VA the result evenly divisible by 8? Prove that this procedure always pro- 
EL duces a number divisible by 8. (Suggestion: Any odd integer greater 
than | can be expressed as 2m + 1, where n is a natural number.) 


Nees 55 WRLC a . t re cre mur enue cit ; a _— E lead be ee a es 
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D.0 Solving Equations 


Objective A To solve equations by factoring ....cc.cccsccsccsscssssssessessesssesscsssessesssee 


The Multiplication Property of Zero states that the product of a number and zero 
is zero. This property is stated below. 


If a is a real number, thena:-0=0-a=0. 


Now consider x - y = 0. For this to be a true equation, then either x = 0 or 
y=0. 


Principle of Zero Products 


If the product of two factors is zero, then at least one of the factors 


must be zero. 
lfa- b=0,thena=Oorb=0. 


The Principle of Zero Products is used to solve some equations. 


wa Solve: (x — 2)(x — 3) =0 


(Ee —= Es —— 6) 8 


Kee Oe =) * Let each factor equal zero (the 
Principle of Zero Products). 
x=2 x=3 ® Rewrite each equation in the form 


variable = constant. 


Check: 
Ga 2) (x 5) — 0 (a= 2x — 3) =—0 
(Q-— 2) (2 93) 200 (Geo) Gia) nO 
o(-1) | 0 (1)(0) | 0 
0=0 0=0 
A true equation A true equation 


The solutions are 2 and 3. 


An equation of the form ax* + bx +c=0,a #0, is a 3x? ++ 2x +1=0 
quadratic equation. A quadratic equation is in stan- 
dard form when the polynomial is in descending order 4x? — 3x +2=0 


and equal to zero. The quadratic equations at the right 
are in standard form. 
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wi Solve: 2x7 +x = 6 


2x7 +x =6 
2? KO =O * Write the equation in standard form. 
(2x — 3)(x + 2) =0 ® Factor. 
2X = 3: =) 20 ® Use the Principle of Zero Products. 
2x = C= =2 * Rewrite each equation in the form 
3 variable = constant. 
205, 


Check: ; and —2 check as solutions. 


F S) 
The solutions are = and —2. 


Example 1 You Try It 1 
Solve: x(x — 3) =0 Solve: 2x(x + 7) =0 


Solution Your solution 
x(x — 3)=0 


x=0 s= Z=U 
x=3 


The solutions are 0 and 3. 


Example 2 You Try It 2 
Solve: 2x? — 50 = 0 Solve: 4x? — 9 = 0 


Solution Your solution 
2) 10) 
264 25 )\r=10, 
Ax + 5)(x — 5) = 0 
x+5=0 Kitt =() 
x=-5 x=5 


The solutions are —5 and 5. 


Example 3 You Try It 3 
Solve: (x — 3)(« — 10) = —10 Solve: (¢ +2) (@& = 7) =52 
Solution Your solution 
(x — 3)(« — 10) = —10 

x* — 13x + 30 = —-10 ® Multiply (x — 3)(x — 10). 

x? — 13x + 40 =0 ® Add 10 to each side of 

Ge — Ce SW) the equation. The equation 
x—-8=0 x-5=0 is now in standard form. 

x=8 x=5 


The solutions are 8 and 5. 


Solutions on pp. S11—-S12 
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Objective B_ To solve application problem ........:.ccccccccccccesesesesssessscssesseesvssseeeeses CD) 


Example 4 You Try It 4 

The sum of the squares of two The sum of the squares of two consecutive 
consecutive positive even integers is positive integers is 61. Find the two 

equal to 100. Find the two integers. integers. 


Strategy Your strategy 
First positive even integer: n 
Second positive even integer: n + 2 


The sum of the square of the first 
positive even integer and the square of 
the second positive even integer is 100. 


Solution Your solution 
n? + (n + 2)? = 100 
n?+n?>+4n+4= 100 
2n? + 4n + 4 = 100 
2n? + 4n — 96 = 0 
2(n? + 2n — 48) =0 
2(n — 6)(n + 8) =0 


n—6=0 n+s8=0 
n=6 n=—8 


Because —8 is not a positive even integer, 
it is not a solution. 


n=6 
n+2=>6+2=8 


The two integers are 6 and 8. 


Solution on p. S12 
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Example 5 

A stone is thrown into a well with an 
initial speed of 4 ft/s. The well is 420 ft 
deep. How many seconds later will the 
stone hit the bottom of the well? Use the 
equation d = vt + 167’, where d is the 
distance in feet, v is the initial speed 

in feet per second, and ¢ is the time 

in seconds. 


Strategy 

To find the time for the stone to drop to the 
bottom of the well, replace the variables d 
and v by their given values and solve for f. 


Solution 
d=vt + 16?? 

420 = 4t + 162? 
0 = —420 + 4t + 1627 
0 = 16t? + 4t — 420 
0 = 4(47? + t — 105) 
0 = 4(4r + 21)(¢ — 5) 


Because the time cannot be a negative 


Bil 2 : . 
number, Seals not a solution. 


The time is 5 s. 


You Try It 5 

The length of a rectangle is 4 in. longer than 
twice the width. The area of the rectangle is 
96 in. Find the length and width of the 
rectangle. 


Your strategy 


Your solution 


Solution on p. S12 
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© 


DRT NINA 


5.5 Exercises 


Objective A 
Solve. 


ieee yet) (y 2) 0" 2 (vy 3) (7 — 5) — 0 35) = 7)(z = 3) =0 4, (7+ 8)(Z—- D=0 


52 x(x —.5) = 0 6.-2(% §2)=0 7. a(a-—9)=0 8. a(a + 12) =0 


9. yy + 3) =0 10. ¢(4t — 7) =0 11. 2a(3a — 2) =0 12. 4b(2b + 5)=0 


(be e2) (bi 5) 0 enl4s 4(b298) Os 3) = 0) 155 ae 810 16. x? — 121=0 


17. 4x? -— 49=0 US:) 16x75.) = 0 19),9%¢ -—1-=.0 20. 16x? —- 49=0 


Maat OX 1 0.= 0 22. x — 8 + 15 = 0 235 ede ald On eae ce 0 


2a2-9a-5=0 26. 3a7+14a+8=0 27. 627+5z+1=0 28. 6y*?—- 199+ 15=0 


x — 3x =0 30. a’ —5a=0 31 42 7% = 0 32.. 2a’ —8a—0 
e 
3 See a sa 4 34. a? —5a=24 Bode es eG 36.7 — iy =8 
a 
a 
8 
lie 8 
e B7e ria esd 38. 32+1=10 300 32 iat =A 40, 5 aloe = 
2 
a 
z 
g ite ae) te i) 12. 43. y(y — 7) = 18 44. y(y +8)=-15 
z ore Le : 
1S) 
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45. pip t+3)=-2 46. p(p-1)=20 47. yly +4) =45 48. y(y — 8)=-15 


49. x(x +3)=28 50. pp—14)=15 51. %+8)@—3)——30 “52: (x + 4)(x -—1)=14 


SS Niel Geert) (Gis, =o 54.9 (Ce 8) Catt) yee 55./0(z Gio) (Za) = al 


56. (a+ 3)(a + 4) =72 57. (a -—4)@+7)=—18 58. (2x + 5)(« + 1)—=1 


Objective B= Application Problems 
Solve. 


59. The square of a positive number is six more than five times the positive 
number. Find the number. 


60. The square of a negative number is fifteen more than twice the negative 
number. Find the number. 


61. The sum of two numbers is six. The sum of the squares of the two num- 
bers is twenty. Find the two numbers. 


62. The sum of two numbers is eight. The sum of the squares of the two 
numbers is thirty-four. Find the two numbers. 


63. The sum of the squares of two consecutive positive integers is forty-one. 
Find the two integers. 


64. The sum of the squares of two consecutive positive even integers is one 
hundred. Find the two integers. 


65. The sum of two numbers is ten. The product of the two numbers is 
twenty-one. Find the two numbers. 


66. The sum of two numbers is thirteen. The product of the two numbers 
is forty. Find the two numbers. 
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2 
notn . ’ é ; 
gives the sum, S, of the first m natural numbers. Use this formula for Exercises 


The formula S = 
67 and 68. 


67. How many consecutive natural numbers beginning with 1 will give a 
sum of 78? 


68. How many consecutive natural numbers beginning with 1 will give a 
sum of 171? 


Pt 
2 
t teams if each team is to play every other team once. Use this formula for Exercises 69 and 70. 


The formula N = gives the number, N, of football games that must be scheduled in a league with 


69. How many teams are in a league that schedules 15 games in such a way 
that each team plays every other team once? 


70. How many teams are in a league that schedules 45 games in such a way _ 
that each team plays every other team once? 


The distance, s, in feet, that an object will fall (neglecting air resistance) in t seconds is given by 
s =vt + 16t’, where v is the initial velocity of the object in feet per second. Use this formula for Exer- 


cises 71 and 72. 


71. An object is released from the top of a building 192 ft high. The initial 
velocity is 16 ft/s, and air resistance is neglected. How many seconds 
later will the object hit the ground? 


72. An object is released from the top of a building 320 ft high. The initial 
velocity is 16 ft/s, and air resistance is neglected. How many seconds 
later will the object hit the ground? 


The height, h, in feet, an object will attain (neglecting air resistance) in ¢ seconds is given by h = vt — 161’, 
where v is the initial velocity of the object in feet per second. Use this formula for Exercises 73 and 74. 


73. A golf ball is thrown onto a cement surface and rebounds straight up. 
The initial velocity of the rebound is 60 ft/s. How many seconds later 
will the golf ball return to the ground? 


74. A foul ball leaves a bat and travels straight up with an initial velocity of 
64 ft/s. How many seconds later will the ball be 64 ft above the ground? 


75. The length of a rectangle is 5 in. more than twice its width. Its area is 
75 in*. Find the length and width of the rectangle. 
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~] 
a 


The width of a rectangle is 5 ft less than the length. The area of the rec- 
tangle is 176 ft?. Find the length and width of the rectangle. 


sa 
oer vant 


Ser OE 


“iii 


hie fone ey re 
ae 


77. The height of a triangle is 4 m more than twice the length of the base. 
The area of the triangle is 35 m’. Find the height of the triangle. 


Ear 
Sie 
== 
rae 
Ths 
sp 
es 


Pe eaiaits 


reat 


78. The length of each side of a square is extended 5 in. The area of the 
resulting square is 64 in’. Find the length of a side of the original 
square. 


centr Sears 
Area are ea 
Mlaneaniaete Danced 


79. The page of a book measures 6 in. by 9 in. A uniform border around the 
page leaves 28 in’ for type. What are the dimensions of the type area? 


on aaa) 
Hales 
onie haan sa) 


tikes 
iter 


80. Asmall garden measures 8 ft by 10 ft. A uniform border around the gar- 
S den increases the total area to 143 ft’. What is the width of the border? 
ee 

81. The radius of a circle is increased by 3 in.; this increases the area by 
: | 100 in’. Find the radius of the original circle. Round to the nearest 
a hundredth. 


82. Acircle has a radius of 10 in. Find the increase in area that occurs when 
the radius is increased by 2 in. Round to the nearest hundredth. 


Se eet 


APPLYING THE CONCEPTS 


83. In your own words, what is the Principle of Zero Products? 


ames 


ee 
Ah 
fae 
RES 
Be 
oe 
Sark 
He 
is 
ny 
he 
ah 
ah 
ees, 


; 84. Explain the error made in solving the (x + 2)(x — 3) =6 

: equation at the right. Solve the equation x+2=6 x-3=6 

Ns correctly. x=4 x=9 

: 

; 

_ 85. Explain the error made in solving the x =x 

& equation at the right. Solve the equation Me eS 

. correctly. cour) be 

: x=1 

4 Find 3n? if n(n + 5) = —4. E 
: 87. Find 2n’ ifn(n + 3) = 4. Se 
. < 
: 
tai a 
i Solve. 5 
: E 
a e 
Be +3) 89. “wb + 57 = 16 P 
: z 
iM 3 2 2 
a = = 
a 90. p> =9p 91. (x + 3)(2x — 1) =(3 — x)(5 — 3x) : 
ee 5 
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| Focus on Problem Solving 


Making a Sometimes a table can be used in organizing information so that it is in a useful 
Table form. In the chapter Solving Equations, we used tables in the applications to 
organize the data. Tables are also useful in applications that require you to find 

all possible combinations to a given situation. 


A basketball player scored 11 points in a game. The player can score 1 point for 
making a free throw, 2 points for making a field goal within the three-point line, 
and 3 points for making a field goal outside the three-point line. Find the possi- 
ble combinations in which the player can score the 11 points. 


The following table lists the possible combinations of scoring the 11 points. 


Free throws 2 eS ee LOU Nig 2 eas 1s OM dS) ile tot ron eiereOn all 
2-point field goal Mii Oto? teat hae O etre ROTM? Heep HONEST RAG Har sug sie tient () 
3-point field goal Bese oryhleureies alba y siete OO OOH LO 0 
Total Points TRS Sa Seat AE ala le tle ete aii TE = SNe 


¢ 


There are 16 possible ways in which the basketball player could have scored 11 
points. 


1. A football team scores 17 points. A touchdown counts 6 points, 
an extra point scores | point, a field goal scores 3 points, and a 
safety scores 2 points. Find the possible combinations in which 
the team can score 17 points. Remember that the number of extra 
points cannot exceed the number of touchdowns scored. 


2. Repeat Exercise 1. Assume that no safety was scored. 


3. Repeat Exercise 1. Assume that no safety was scored and that the 
team scored two field goals. 


4. Find the number of possible combinations of nickels, dimes, and 
quarters when receiving $.85 in change. 


5. Repeat Exercise 4. Assume no combination contains coins that 
could be exchanged for a larger coin. That is, the combination of 
three quarters and two nickels would not be allowed as the two 
nickels could be exchanged for a dime. 


6. Find the number of possible combinations of $1, $5, $10, and $20 
bills when receiving $33 in change. 
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Evaluating 
Polynomials Using 
a Calculator 


| Projects and Group Activities 


One way to evaluate a polynomial is first to express the polynomial in a form that 
suggests a sequence of steps on a calculator. To illustrate this method, consider 
the polynomial 4x? — 5x + 2. First the polynomial is rewritten as 


4x? — 5x +2=(4« —5)x +2 


To evaluate the polynomial, work through the rewritten expression from left to 
right, substituting the appropriate value for x. 


Here are some examples. 


Evaluate 5x? — 2x + 4 when x = 3. 


Rewrite the polynomial. 5x? — 2x + 4= (5x —2)x + 4 
Replace x in the rewritten expression by the given value. (52-3 > 2) 3 
Work through the expression 5 Se | 2 ) Ais) 


from left to right. 


The result in the display should be 43. 


Evaluate 2x? — 4x? + 7x — 12 when x = 4. 
Rewrite the polynomial. 2x3 — 4x? + 7x — 12 =[(2x — 4)x + 7x — 12 


Replace x in the rewritten expression by the [((2-4-—4)-4+7]-4-12 
given value. 


Work through the expression from left to right. 
Ea ca Osa FW. Fe ey (| | 
The result in the display should be 80. 


Evaluate 4x? — 3x + 5 when x = —2. 
Rewrite the polynomial. 4x? — 3x +5 = (4x — 3)x + 5 
Replace x in the given expression by the given value. [4 - (—2) — 3]-(—2) +5 
Work through the expression from left to right. 

ea cea a Pec | SS) 
The result in the display should be 27. 


Here are some practice exercises. Evaluate for the given value. 


1. 2x7 —3x + 7-x%=4 2. 3x? + 7x — 12:x = -—3 
3. 3x? — 2x* + 6x — 8:x =3 4. 2x° + 4x7 -x-—2:x = -2 
5. x4 — 3x3 + 6x2 + 5x -1; 6. 2x°-— 4x + 8:x=2 
Cer 9) Hint: 2x3 — 4x + 8 = 2x? + 0x? — 4x + 8 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Projects and Group Activities 245 


Search the At the address http://www.utm.edu/research/primes/mersenne.shtml#hist, you 
can find the history, theorems, and lists of Mersenne Primes. When 2” — 1 is 
prime, it is said to be a Mersenne Prime. An interesting note is that the 25th and 
26th Mersenne Primes were found by high school students Laura Nickel and 
Curt Noll. 


World Wide Web 


Would you like to find the answer to questions such as these? 


Sadie rae ater a 


What good are perfect numbers? 

Is zero prime, composite, or neither? 

What is the difference between zero and nothing? 

When something is divided by zero, why is the answer undefined? 
What is infinity plus one? 


Is infinity positive or negative? 


These and many other questions are answered at the address 


http://forum.swarthmore.edu/dr.math/problems/purpose_zero.html 


The answers to these questions are presented in a clever and interesting fashion. 
The answer to the question “What is the purpose of the number zero?” is given 
below. 


The invention of zero was one of the most important breakthroughs in the history of 
civilization. More important, in my opinion, than the invention of the wheel. I think 
that it’s a fairly deep concept. 


One crucial purpose that zero holds is as a placeholder in our system of notation. When 
we write the number 408, we’re really using a shorthand notation. What we really 
mean by 408 is “4 times 100, plus 0 times 10, plus 8 times 1.” Without the number zero, 
we wouldn't be able to tell the numbers 408, 48, 480, 408,000, and 4800 apart. So yes, 


zero is important. 


Another crucial role that zero plays in mathematics is that of an “additive identity ele- 
ment.” What this means is that when you add zero to any number, you get the number 
that you started with. For instance, 5 + 0 = 5. That may seem obvious and trivial, but 
it’s actually quite important to have such a number. For instance, when you're manip- 
ulating some numerical quantity and you want to change its form but not its value, you 
might add some fancy version of zero to it, like this: 


te aye Tey ary 
Gt DXi) ae ly 
= (x + y)? — 2xy 


Now if we wanted to, we could use this as a proof that (x + y)? is always greater than 
2xy; the expression we started with was positive, so the one we ended up with must be 
positive, too. Therefore, subtracting 2xy from (x + y)? must leave us with a positive 
number. Neat stuff.* 


*Ask Dr. Math. Copyright © 1994-1997 The Math Forum. Used by permission. 
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Key Words 


Essential Rules 


The internet is a good source for the history of and interesting facts about math- 
ematical concepts. You can use the address 


http:/www-groups.dcs.st-and.ac.uk/~history/HistTopics/Prime_numbers.html 
to find the history of prime numbers. This Web address also contains a list of 
unsolved problems on prime numbers. 
There is an on-line mathematics dictionary at the address 
http:/;www.mathpro.com/math/glossary/glossary.html 


This site contains several hundred mathematical definitions as well as an on-line 
glossary of technical notation for unfamiliar mathematical notation. 


| Chapter Summary 


The greatest common factor (GCF) of two or more monomials is the product of 
the GCF of the coefficients and the common variable factors. 


To factor a polynomial means to write the polynomial as a product of other 
polynomials. 


To factor a trinomial of the form ax’ + bx + c means to express the trinomial as 
the product of two binomials. 


A polynomial that does not factor using only integers is nonfactorable over the 
integers. 


An equation of the form ax? + bx + c = 0 is a quadratic equation. A quadratic 
equation is in standard form when the polynomial is in descending order and 
equal to zero. The quadratic equation ax? + bx + c = 0 is in standard form. 


Sum and Difference of Two Terms = Difference of Two Squares 


(a + b)(a — b) = a —b 
Square of a binomial = Perfect-Square Trinomial 
(a + by = a’ + 2ab + b? 
Principle of Zero Products 
If the product of two factors is zero, then Ifa-b=0, then 
at least one of the factors must be zero. a=Oorb=0. 


General Factoring Strategy 


1. Is there a common factor? If so, factor out the common factor. 


2. Is the polynomial the difference of two perfect squares? If so, fac- 
tor. 


3. Is the polynomial a perfect-square trinomial? If so, factor. 


4. Is the polynomial a trinomial that is the product of two binomials? If so, 
factor. 


5. Does the polynomial contain four terms? If so, try factoring by 
grouping. 


6. Is each binomial factor a prime polynomial over the integers? If 
not, factor. 
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| Chapter Review 


11. 


13. 


15: 


17. 


Factor: b? — 13b + 30 


Factor 2x* — 5x + 6 by using trial factors. 


Factor: 14y? — 49y° + 7y? 


Factor 6x? — 29x + 28 by using trial factors. 


Factor: a® — 100 


Factor 12y* + 16y — 3 by using trial factors. 


Factor: 9y* — 252” 


Factor 18a — 3a — 10 by grouping. 


Factor: 4x? — 20x? — 24x 


10. 


4 


14. 


16. 


18. 


Factor: 4x(x — 3) — 53 — x) 


Factor: 5x? + 10x? + 35x 


Factor; y? + 5y — 36 


oa 


Factor: 12a*b + 3ab? 


Factor: n* — 2n* — 3n? 


Factor: 12b? — 58b? + 56b 


Factor: c? + 8c + 12 


Solve: 4° + 27x = 7 


Factor: 3a? — 15a — 42 
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19. Factor 2a* — 19a — 60 by grouping. 20. Solve: (x ¥ 1G = 5)="16 

2h Factor 2lax — 350% = Ob y a aOay 22. 1 Factoura7b> al 

23. Factor: 10x? + 25x + 4xy + 10y 247 Factor 54°50 50 

25m Factors, 4 oOxet 108 26. Factor 3x? — 17x + 10 by grouping. 


27. The length of a hockey field is 20 yd less than twice the width of the 
hockey field. The area of the hockey field is 6000 yd’. Find the length and 
width of the hockey field. 


28. The size, S, of an image from a slide projector depends on the distance, 
d, of the screen from the projector and is given by S = d’. Find the distance 
between the projector and the screen when the size of the picture is 400 ft?. 


29. A rectangular photograph has dimensions 15 in. by 12 in. A picture 
frame around the photograph increases the total area to 270 in?. What is 
the width of the frame? 


30. The length of each side of a square garden plot is extended 4 ft. The area of 


the resulting square is 576 ft’. Find the length of a side of the original 
garden plot. 
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| Chapter Test 


1. 


1M 


13. 


Factor: ab + 6a — 3b — 18 


Factor 8x* + 20x — 48 by grouping. 


Factor: a* — 19a + 48 


Factor: x” + 2x — 15 


Factor: 5x? — 45x — 15 


Solve: x(x — 8) = —-15 


Factor: b* — 16 


10. 


Ze 


14. 


Factor: 2y* — 14° — 16y2 


Factor 6x” + 19x + 8 by using trial factors. 


Factor: 6x? — 8x* + 40x 


Solve: 4x? — 1 =0 


Factor: p> + 12p + 36 


Factorson = loi ley 


Factor 6x’y? + 9xy* + 3y* by grouping. 


250 


LIE 


LZ. 


1M): 


Zt 


23. 


24. 


oe 
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Factor: p* + 5p + 6 


BACtOR Sc pict) a paat 1) 


Factor 2x? + 4x — 5 by using trial factors. 


Factor: 4a* — 12ab + 9b? 


Solve: (2a — 3)(a + 7) = 0 


16. 


18. 


20. 


22. 


Factor: a(x — 2) + b(x — 2) 


Factor: 3a? — 75 


Factor: x? — 9x — 36 


Factor: 4x? — 49y? 


The sum of two numbers is ten. The sum of the squares of the two numbers 


is fifty-eight. Find the two numbers. 


The length of a rectangle is 3 cm longer than twice its width. The area of 
the rectangle is 90 cm?. Find the length and width of the rectangle. 
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| Cumulative Review 


1. Subtract: —2 — (—3) — 5 - (-11) 2. Simplify: (3 — 7)* + (—2) — 3- (-4) 
3. Evaluate —2a? + (2b) — c whena = —4, See a ae 
end ee. 4. Simplify: a 20x*) 
Lassi MeN oti 
Deeolarplity. —2|4%.-2(3 = 2x)'— 8x] 6. Solve: aa S57 
ae Solve fe = 12) — 5x 8. “Solve: —2 +-4[3x°— 24 '— x)= 3]'—= 404 2 
9. 120% of what number is 54? 10. Simplify: (—3a%b’) 
iieesunplty: (x + 2)(x~ — 5x. +4) 125 mSimplity(8%4 44> 25) 
g ise simplity: (xy) 14 Pactors30) 350i + Dx 
) 
= 
3 
= 15. Factor: 15xy? — 20xy* 168 Factor x7 xy 14y 
| 
s 
g 
e 
® 17. Factor: p? — 9p — 10 18. Factor: 18a? + 57a? + 30a 
8 
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19. 


Pah Me 


Pay. 


25. 


26. 


72 be 


28. 


29. 


30. 
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Factor: 36a” — 49b? 20. Factor: 4x? + 28xy + 49y* 

Factor: 9x? + 15x — 14 22. Factor: 18x? — 48xy + 32y’ 
Rete Kole? Shy Ee — Se 8) 24. Solve: 3x? + 19x — 14=0 

A board 10 ft long is cut into two pieces. Four times the length of the 


shorter piece is 2 ft less than three times the length of the longer piece. Find 
the length of each piece. 


A stereo that regularly sells for $165 is on sale for $99. Find the discount 
rate. Use the formula S = R — rR. 


Given that lines ¢, and ¢, are parallel, find 
the measures of angles a and b. 


A family drove to a resort at an average speed of 42 mph and later returned 
over the same road at an average speed of 56 mph. Find the distance to the 
resort if the total driving time was 7 h. 


Find three consecutive even integers such that five times the middle integer 
is twelve more than twice the sum of the first and third. 


The length of the base of a triangle is three times the height. The area of the 
triangle is 24 in’. Find the length of the base of the triangle. 
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Carpentry requires the application of geometric concepts. A 
cabinet, for instance, has sides that must lie in parallel 
planes and doors that are in the shape of rectangles. A 
carpenter also applies the geometric principles of 
congruence and similarity; for example, the drawers in a 
dresser may be the same size and shape, or they may be the 
same shape but different sizes. Similar objects are a topic in 
Section 6 of this chapter. 


Rational Expressions 


Objectives 


Section 6.1 

To simplify a rational expression 
To multiply rational expressions 
To divide rational expressions 


Section 6.2 


To find the least common multiple (LCM) of two or 
more polynomials 


To express two fractions in terms of the LCM of their 
denominators 


Section 6.3 


To add or subtract rational expressions with the 
same denominators 


To add or subtract rational expressions with different 
denominators 


Section 6.4 
To simplify a complex fraction 


Section 6.5 
To solve an equation containing fractions 


Section 6.6 

To solve a proportion 

To solve application problems 

To solve problems involving similar triangles 


Section 6.7 
To solve a literal equation for one of the variables 


Section 6.8 
To solve work problems 
To solve uniform motion problems 


Measurement of the 
Circumference of the Earth 


Distances on the earth, the circumference of the earth, 
and the distance to the moon and stars are known to 
great precision. Eratosthenes, the fifth librarian of 
Alexandria (230 B.c.), laid the foundation of scientific 
geography with his determination of the circumference 
of the earth. 


Eratosthenes was familiar with certain astronomical data 
that enabled him to calculate the circumference of the 
earth by using a proportion statement. 


Eratosthenes knew that on a midsummer day, the sun 
was directly overhead at Syrene, as shown in the 
diagram. At the same time, at Alexandria the sun was at a 
74° angle from the zenith. The distance from Syrene to 
Alexandria was 5000 stadia (about 520 mi). 


Knowing that the ratio of the 74° angle to one revolution 
(360°) is equal to the ratio of the arc length (520 mi) to 
the circumference, Eratosthenes was able to write and 
solve a proportion. 


This result, calculated over 2000 years ago is very close to 
the accepted value of 24,800 miles. 
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Multiplication and Division of 
Rational Expressions 


- o « P| L_ -—___—_____—, } [4] 
To simplify a rational Expression ....ccccccccccccccescseccecssesssnssessessseseesees (HD) 
A fraction in which the numerator or de- : 
nominator is a polynomial is called a ra- 2 x +1 Varta Name | 
tional expression. Examples of rational we Dg ae 4y? + 1 


expressions are shown at the right. 


Care must be exercised with a rational expression to ensure that when the vari- 
ables are replaced with numbers, the resulting denominator is not zero. 


Consider the rational expression at the AO) 
right. The value of x cannot be 3 because IEE 
the denominator would then be zero. 4(3)2 -9 27 Notareal 


2(3) a) 6 = For number 
A rational expression is in simplest form when the numerator and denominator 
have no common factors. The Multiplication Property of One is used to write a 
rational expression in simplest form. 


; : x? -—4 
»» Simplify: eT 
x? —4 (eee 2) © Factor the numerator and 
a AND) denominator. 

2n-2 ee ee 
aaa 2, | eX = 4 
KL © The restrictions, x ~ —2 or 4, are 

- ae LZ 2,4 necessary to prevent division 


by zero. 


This simplification is usually shown with slashes through the common factors. 
The last simplification would be shown as 


1 
x’ -4 (x — 2)(2-+2) ® Factor the numerator and 
x? ne 2x — 8 a (x ae A)(a-+2) denominator. 
1 
ee ® Divide by the common factors. The 
= Soe aya oe 
ae =| restrictions, x ~ —2 or 4, are necessary 


to prevent division by zero. 


; eA LOT ak A 
10+ 3x-2%7 (5-—x)\(24+2x) ° Factor the numerator and 
y= A aS (x — 5)(x + 1) denominator. 
% — = — a 
0 on) Recall that 5 — x (x — 5). Therefore, 
Sacre Daoieee (x — 5) 1 oy 
“i beast) a5 yb 
Se aes 
x+1 
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For the remaining examples, we will omit the restrictions on the variables that 
prevent division by zero and assume the values of the variables are such that divi- 
sion by zero is not possible. 


Example 1 You Try It 1 


‘ «c., Axy" : we, Ox°y 
Simplify: aes Simplify: Tay? 


Solution Your solution 
Ax?y*  2y*_ ® Use rules of 


6x4y oe exponents. 


Example 2 You Try It 2 
: iyi ee : eee eee 
Simplify: See Simplify: re ae 


Solution Your solution 


=i 
eee a) (See oe 


etx —12) (xe —3ixe+4) «+4 


1 


Example 3 You Try It 3 


: op x? + 2x — 15 : “ew 4e-— 12 
Se a SINDEN Sra ea ey 


Solution Your solution 


1 
pee ele Ant) es a 
Se = bee f—3)(x — 4) x= 4 


Solutions on p. S12 


Objective B_ To multiply rational expressions. .........:.:..:::c:cccceseseeeererseseereeeeeseee 


The product of two fractions is a fraction whose numerator is the product of the 


numerators of the two fractions and whose denominator is the product of the 
denominators of the two fractions. 


Rule for Multiplying Fractions 


If = and = are fractions and b ¥ 0, d ¥ 0, then g 
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x? + 3x Raps 
=—34—4 x24 —3 


«=» Simplify: € 


x? + 3x Pied 4 
x? -— 3x -4 x? +2x -3 


ee Cot) aa) ® Factor the numerator and 
a—-4e+h @+3)@-1) denominator of each fraction. 
1 1 il 
ee Oe) et aL) © Multiply 
Ge—A(x + I+ 3)Q—T) 
ee ® Write the answer in simplest 
a | form. 


Example 4 You Try It 4 


: : 10x? — 15x 3x —2 ; : 12x? + 3x 8x -— 12 
im : - mplify: . 
Si plify 2k — 8 Me = 25) Si P 10x—15 9x+ 18 


Solution Your solution ¢ 
10x? — 15x 3x-2 
12x—8 20x — 25 
me (2) 2) 
A(3x — 2) 5(4x — 5) 


1 1 
ECR EES) __ *(2% = 3) 
4GBx—2)B (4x =5) 4(4¢ 5) 


Example 5 You Try It 5 
Sol Rea ee Oy ee 4 Tot 2k = NS ote S 
POD er a aa 9— x? x — Tx +6 


Simplify: 


Solution Your solution 
K+x-6 +x74+3x-4 
a a ae 
Be ae) ee) tt) el) 
(«+ 3)\(x+4) (2—x)(2 +x) 
= 1 
_ Ge eae = 1) 


+ 3+ A2—A(2 + x) x +2 


Solutions on p. S12 
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Objective C_ To divide rational expressions 


The reciprocal of a fraction is a 
fraction with the numerator and 
denominator interchanged. 


Rule for Dividing Fractions 


Divide fractions by multiplying the dividend 


by the reciprocal of the divisor. 


The basis for the division 
rule is shown at the right. 


Example 6 


oe # 
Simplify: SEY + 
a 


You 
Ox = 2ky 
x 


Solution 
Br = ey. (ay 


2 : Zz 
ee = Oey, Zz 
= 2. 


z Cx cy 


3 


=| 
yO ae 
2? + 2x(3x—7) 
1 


Example 7 
Simplify: 


DOs eile keane Sai A 
2x7 + 3x—-2 ° 2x74+ 7x -—4 


Solution 

De on 2) 3x2 13x) 4 

RES) 6 7 ae 
D2echSe 2 24 ex 4 
4+ 3x—2 3x? + 13x44 


_ Ox + N+ xe tay de 4 1 
(22 Te-+-2) « (3x + Die+a 3x41 
1 


~ 7 . Us . 
A Simplify: ae 


Simplify: 


a b 
b a 
ma 1 
Fraction Bo i Reciprocal 
1 3 
Meee x 
Es be 
Kak Wage 2 le 4  4a+4) 
Xx Ae renee =D GES 
Cane ae 
a ¢_b hb & b ¢ Janel 
b d= ¢ ¢ B= ai. Mee 
add © 


Try It 6 
a 


6be — 3b? 


Your solution 


You Try It 7 


3x? + 26x + 16 
3x? — 7x — 6 


_ 2x? + 9x -—5 
xt 4 2x 45 


Your solution 


Solutions on p. S13 
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© 


Iie i te AE RTE IPO RE SANSA IN OG NOON Pc THT 


6.1 Exercises. 


eS Objective A 
7 
Simplify. 
9x3 5 16x’y 3 (x + 3) 
12x* * 24xy3 G3): 
(2x —-1)° : 3n — 4 Ps B= es 
(2x — 1)* * 4-3n “2x -5 
6y(y + 2) 12x?(3 — x) 5 6x(x — 5) 
9y?(y + 2) "  18x(3 — x) > 8x7(5 — 2) 
¢ 
14x3(7 — 3x) ei a’ + 4a 5 x? — 3x 
21x(3x —"7) * ab + 4b 266 
sil ad 14 BUSES SEL 15 Vite Sy taz 
Shen = we " 9 — 15x " y? — 4y + 3 
a 2 2+ 3x — 10 a*+7Ta-8 
3 16. xi + Se +6 17. a 18. ee 
ES x? + 8x4+ 15 x? + 2x — 8 a’+6a-—7 
a 
x? + 8x + 16 x? — 3x — 10 
, of 2 Sea 
ae x? — 2x — 24 25 =x" 
2 Fr Aas ee oa 3x3 — 12x 
: iy * @x3 — 24x? + 24x 
- He 
& 
3 6x? — 7x +2 56 2n? — 9n + 4 7 x’ + 3x — 28 
2 25. 6x2 + 5x — 6 *  2n? — 5n — 12 * 24 -2x — x? 
: 
é TTL TA eee wd RE SRR Oe Ale ORS oO es 
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a Objective B 


Simplify. 


Fad 

aa 

sie 

| 28 
ei . 
= 


14a*b* 


12x3y4 
a, = 
Oxy 


a Tab 


ene 


Wo ROMER ea 
SP on POE TER iv 
Revenant 


she = © 10x — 40 
Spe = 20) Hibs = 


tee ate te 
Sat 
Aes 


32. 


spp 
patos 


faatieenoaE 
Deas Sa wed 


seine 


dyamiua asa oaaes 
Sitemeter ts 


She ae EA Sir 


34. 
Din Sys OX elk, 


RESIN ha) Fey ae 
Havana 


S 


y: 


ee 


fi ae Spee) ay 
ELS a ee ar | 
xy Cae Jae ce Ih 


Saat 


: 

a 

E 
See 
34 
ae 
ee 
a 
i 
ate 
f 
ery 
a 


2x? — 5x 
XV. 


27_ 2x — 24 
7_ 5x —6 


Bae Be AS 
x7 + 6x 4+ 8 


x? + 2x — 35 
x? + 4x -— 21 


x? + 3x - 18 
x’? + 9x + 18 


yh Lie Pe iy tr te 
ie wh a TN Sane 


29: 


Sif 


$3. 


35. 


37. 


39: 


41. 


43. 


45. 


14a*b> 25x*y 
15x>y? y? 16ab 
18a*b? 50x°y® 
25xy> 27a°b? 


8x — 12 42x 421 
14x + 7 32x — 48 


Adi Ke -30 9 2D ct: 
2by +-5b 4ax—3a 
BH x*y 


Ave x 4+ 5x +6 


oy 


ey ae 
x? + 13x + 30 


ay 


3b? — 5ab> 
3a* + 4a 


3a° + 4a? 
Sab — 3b 


Bs seem eeneesee KO 
x +3x-4 x? -9x4+ 14 


yt 20) yee 
Same egy a y= 4s 


Ue oe 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


46. 


48. 


50. 


52, 


Seek a Aen 6 
xe? +6x4+5 84+ 2x —x? 


12x? — 6x 2x* + 10x? 
x+6x+5 £4x7-1 


16+ 6x —-—x* x* -— 6x — 27 


Oe 2 em 


Pia ee (0 
2x* + 7x +3 x* — 6x — 40 


Objective C 


Simplify. 


54. 


56. 


58. 


60. 


62. 


Ax*y? oxy 
15a2b? ~~ 55a*b 


Gipenl mel ox 36 
8x +32 10x + 40 


6x? + 7x? M 6x? + 7x 
12x-3 36x-9 


tested aigp ee bk el 
x’y ay? 


Aad wee 14x + 49 


i 4,,3 
xty? xy 
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47. 


49. 


51. 


53. 


SES 


Die 


59. 


61. 


63. 


25 -n’ n* — 8n — 20 


(ee eas) en 10 


8x? + 4x? x? - 4 
x? —3x+2 16x? + 8x 


By AN Benaeoge Se Ths Sed 
x?-— 13x + 42 20-x-x? 


ge tha vey eee ap INES sie iY 
x? — 8x —48 3x* — 22x — 16 


Ox?y* == 45x*y? 


16a‘b? ~~ 14a"b 


280 ate 14x + 7 
45x — 30 30x — 20 


5a*y + 3a*  10ay + 6a 
2x3 + 5x2 sx? +: 15x? 


x3y? xy! 


a Oe 0 


xy . xy® 


PIM (yes) xe er 10 
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4ax —8a 2y—xy 65 3x?y — Oxy | xt x" 
C2 Co : a’b ab?’ 


64. 


Kel te Oa Xe OUELO re x? 3x = 40., 44224 —A8 
oo x?-—9x+18 x? —9x + 20 * 2? +2 -—35 x? + 3x — 18 


eee Onn at ee 02 66 vy —y = 56 yy — 13y £A0 
x 45-45) x7 — 5x = 36 VOR Byte ee Vee Aye 


Ke 
¥ 


oz 
Ss 
i= 
= 
pos 
fe 
Si 
Hes 
= 
= 
= 
2 
Ps 
= 
PSs 
tS 


68. 


SHAVER ED, 


Sap ee Se ae ee hee Pes = Ki ee ee 
x+7xt+10 x-x- 42 * x?—7x+10 40- 3x -x? 


70. 


ee 
Ea 
ae 
Ge 
tities: 
Hae 
oe 
eas 
ce 
oe 
a 
ee 
5 
at 
ee 
ae 
ie 
eee 
ies 
uy 


“ eg = Sy OW) het Sevens a Grice LSet 6. On ne 
* 2x7 - 7x —30 4x74 12x4+9 ‘ 4n? — 9 4 1 


seats 
Sasa 


oe ee 
fa aa 


Riee 
Pre ize: 


APPLYING THE CONCEPTS 


ees 


eas 
Ee: 
Sat tee ales 


74. Given the expression —. choose some values of x and evaluate the 
expression for those values. Is it possible to choose a value of x for 
which the value of the expression is greater than 10? If so, what is that 


value of x? If not, explain why it is not possible. 


; eee 1 
75. Given the expression a choose some values of y and evaluate the 


expression for those values. Is it possible to choose a value of y for 
which the value of the expression is greater than 10,000,000? If so, what 
is that value of y? If not, explain why it is not possible. 


For what values of x is the algebraic fraction undefined? 


2 

x il Spo gf 

76. ————____ 77. = Sg ee ee g 
(x — 2)(x + 5) ee = Ds) 18: 32 2h Gees cm 
=u 

Simplify. 2 
= 

LOL Ae a VAN ey AY vey o 

79, = +545 80. (2) = (3-3) 81 ( : 
: : E 

le ae! 3 2 4 y ae e 

i= 

Ge oe A eS 83 OA Dae eee ® 
ae Beas Se ge SY D= 1 DEO p> = 

©) 

4 

ESE SISTENT SSN SSSI 1 RRS GSA Se 5 
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| 

| 

| 6 y, Expressing Fractions in Terms of 

| : the Least Common Multiple (LCM) 


| Objective A_ To find the least common multiple (LCM) of two or 
TITOF OHIO IIONN AS ee ee RD okt eileen ee eee ‘T20)) 


The least common multiple (LCM) of two or more numbers is the smallest 
/ number that contains the prime factorization of each number. 


The LCM of 12 and 18 is 36 because 36 con- 199, Pd oe 
4 tains the prime factors of 12 and the prime 18=2-3-3 
factors of 18. Factores ono 
SSS > 
LCM = 36=2:-2:-3:-3 


Factors of 18 


The least common multiple of two or more polynomials is the polynomial of 
least degree that contains the factors of each polynomial. 


To find the LCM of two or more polynomials, first factor each polynomial com- 
pletely. The LCM is the product of each factor the greatest number of times it 
occurs in any one factorization. 


«> Find the LCM of 4x? + 4x and x? + 2x + 1. 
The LCM of the polyno- Axe 4x AR) eee eh) 


TAKE NOTE mials is the product of ?4+2x+1=@¢+1)@4+1) 

The LCM must contain the a LCM os the as Factors of 4x* + 4x 

factors of each polynomial. As Ao, cients an LOM =2°> 224s Desa EG DY) 
shown with the braces at the each variable factor the 


right, the LCM contains the greatest number of Factors of x? + 2x + 1 
factors of 4x? + 4x and the 


times it occurs in an 
factors of x? + 2x + 1. Mf 


one factorization. 


. Example 1 You Try It 1 
| Find the LCM of 4x’y and 6xy’. Find the LCM of 8uv? and 12uw. 


Solution Your solution 
Ax?’y =2-2-x-x-y 

6xy? =2-3-x-y-y 

LGM = 2 2 37K - xy = 12x77 


Example 2 - You Try It 2 

Find the LCM of x? — x — 6 and 9 — x’. Find the LCM of m? — 6m + 9 and 
m — 2m — 3. 

Solution 

x? -x-6=(x — 3)(x + 2) Your solution 

0 xr = — (x? — 9) = —& + 3)& = 3) 

LOM) 2) (3) 


Solutions on p. S13 
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Objective B_ To express two fractions in terms of the LCM of 


their. CEN OMINATONS >: vicdicsnciasde ved» eds Bb nM w ie haepe We eves vasees are eacsdeoemst {20} ) 


When adding and subtracting fractions, it is frequently necessary to express two 
or more fractions in terms of a common denominator. This common denomina- 
tor is the LCM of the denominators of the fractions. 


= Write the fractions * oy and re -- : e in terms of the LCM of the denominators. 
Find the LCM of the de- The LCM is 12x?(x — 2). 
nominators. 
For each fraction, multi- al tad ge, 2d Ne (Sia) a Shoe ak 
ply the numerator and 4x? 4x? 3(x — 2) 12x?(x — 2) 
denominator by the fac- ee} Slee a LCM 


tors whose product with 
the denominator is the 
LCM. 


2x 
12x 


621s bxc&=2) 22 


(ce 1) 


Example 3 You Try It 3 


Write the fractions aoe and ~— in Write the fractions — 
3x 8xy xy? 
terms of the LCM of the denominators. of the LCM of the denominators. 


x 


Solution Your solution 
The LCM is 24x’y. 


td eae OY a EOL) cen OY 
a 8y —- 24xy 
3x 3x? — 3x 
Bxy Bxy 3x 24x°y 


Example 4 You Try It 4 


; e I = II x - 
Write the fractions and i i ote 2x 
Se een Write the fractions aoe ee and ea. 


terms of the LCM of the denominators. terms of the LCM of the denominators. 


Solution Your solution 
x = Il 2 =I 2a 


2x —x? Sn) © x? — 2x 
The LCM is x(« — 2)(x + 3). 


Dili ele TiS 2x* + 5x 
2x — x? x(x -— 2) x+3 x(x — 2)(x + 3) 
ae x 


pas ee) 


Xx 
Xx 


Solutions on p. S13 
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Objective A 


Find the LCM of the expressions. 


| Py 2. 6ab? Se Oc y- 4. 12a*b 
12xy- 18ab? 15x%y 18ab° 
Breer: 6. 6y’ Tot 22x 8. 4xy’ 
4x? + 8x 4y + 12 She ae AS 6xy? + 12y? 
9. 9x(x + 2) 10. 8x*(x — 1) 113x593 12 44 — 12 
12(x + 2) 10x7(x — 1) 2x? + 4x +2 2x? — 12x + 18 
13. (x — 1)(x + 2) 14. (2x — 1)(x + 4) 15. (2x + 3) 
Ge —1)(« +:3) (2x + 1)(a% + 4) (20.3) Ga) 
16; -— 7) (x + 2) at 182-(x 4G — 3) 
(x — 7/7 peo) sede 
(Cae AGS aa 04) seats) 
19. x°-x-6 20. x* + 3x — 10 21. x7 +5x+4 
x>+x-12 x?+5x—- 14 x? — 3x — 28 
22. x? — 10x + 21 23. x? — 2x — 24 24. x*+7x+ 10 
x? — 8x + 15 x? — 36 x? — 25 
25. x? — 7x — 30 26. 2x* — 7x +3 27. 3x*°-— 11x +6 
zg x? — 5x — 24 2x7 +x-1 3x? + 4x — 4 
a 
4 
2 
< 28. 2x? — 9x + 10 29. 6+x-x 30. 15 + 2x — x? 
e 2x7 +x —- 15 x+2 x-5 
e é jee Be a 
oO 
Es 
31. 5+4c-2x 32. x7 + 3x — 18 33. x7 -—5x+6 
PIs 3-x 1-x 
z x+1 x+6 ee 
(o) 
5 
i 
3 
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Objective B 


Write each fraction in terms of the LCM of the denominators. 


by Gee 
6 Ss Oo  —S = 
oe ab”’ ab 3y*’ 4y 
y 6 a 6 
38. i ae 39. ay) 
TAP ee ye Vd) 
a a 3 5 
41. ; 42. ; 
Mopar 14) (y + 7)? Le SIS) 
3 2 3 Dy, 
44. ; 45. —,—— 
CRS) es Lie eal 
2 3} jo = 2 Z6 
a 48. 
Y— 3 yo 3y- x+3'x-4 
3 Ke 3% 4 
02 = a 
xw+x-2’x4+2 2 ge = 5 xr 25 
Se = Il EG 


53. 


x? +2x-—15'x7+ 6x +5 


APPLYING THE CONCEPTS 


54. When is the LCM of two expressions equal to their product? 


Write each expression in terms of the LCM of the denominators. 


oy 2 2 
ae 56.23 — 57. = sg) ee a 
102410 (w= 1) G1) 


(6 d 1 1 
; 60. 
6c? + 7cd + d?’ 3c? — 3d? ab + 3a — 3b — b*’ ab + 3a + 3b +b? 
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6 3 Addition and Subtraction of 
~~, Rational Expressions 


Objective A_ To add or subtract rational expressions with 


CG SAIS CEIIOMNIN ALOIS oe ecco evista T20)) 


When adding rational expressions in which the denominators are the same, add 
the numerators. The denominator of the sum is the common denominator. 


Rule for Adding Fractions 


a Cc s 4) 
= — 4+ 
If b and b are fractions and b 0, then ne 


SX Tx _ Sax + Tx _ Lax _ 2x 


Tose ans ices 
1 
x 1 x+1 (<+T) 1 Note that the sum 
Fxg 2 ps al bate OA gal Comal bs a 1s written In sim- 
i z ss . 1 ? plest form. 


When subtracting rational expressions with like denominators, subtract the 
numerators. The denominator of the difference is the common denominator. 
Write the answer in simplest form. 


1 


2x 4 2x-4 Wwe —2j 


= = —_—_ = ———__ = 2 
Nee 2 eee x2 
Spiegel eae Uh gia) gh Weis Naseer ie bes = N= eb =o) 
Bo OX AD XOX 4 X= A Ge = Sy Fp 
1 
aA (x—4) 1 


SRA = ad) 0 eo 
1 


Example 1 You Try It 1 


: : 3x? x+4 : ee. Dye es 
Simplify: iD = 1 SP = 1 Simplify: x? = 52 = iY x2 a 12 


Solution Your solution 
Bx QA 3x s(x aie4) 


Xie ae eed x*-1 


on eS et ke 
ex 1 


_ Bx-A&etty  3e-4 
Ce ee 


Solution on p. S13 
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Example 2 You Try It 2 
Simplify: Simplify: 
2x? +5 x? — 3x x-2 x?-—1 2x +1 x 
x? +2x-3 x? + 2x - 3 x? +2x—-3 x? — 8x + 12 x? — 8x + 12 x? — 8x + 12 


Solution Your solution 
jar ea x? — 3x fe x—-2 
et+2e-3 x2 4+2x-3. 27? +2x -3 
(2475) = = 3x) = 2) 
i x7+2x-—3 
2x7 + 5-2? +3x4+x-2 
es x? +2x-—3 


1 
et ae es) eat)! 
x24 pea G3)e= 1) x= 


Solution on p. S13 


Objective B_ To add or subtract rational expressions with 


Cifferent CENOMINMATOSS oooccccccscscscccccccecescseesscesccvescceessceesecevsceeseseeees T20)) 


Before two fractions with unlike denominators can be added or subtracted, each 
fraction must be expressed in terms of a common denominator. This common 
denominator is the LCM of the denominators of the fractions. 


“=> Simplify: 3— + —° 


xe = DGS 2) 


The last step is to factor the numerator to determine whether there are com- 
mon factors in the numerator and denominator. For this example, there are 
no common factors, so the answer is in simplest form. 


2x x? —4 
The LCM isx(x — 2)(x + 2). © Find the LCM of the denominators. 
ioe aN OF oe tie Ze, 6 x ® Write each 
x?—2x 2-4 x(x —2) x+2° (—2(e4+2) x fraction in 
terms of the 
LCM. E 
= x-—-x-6 F 6x ® Multiply the factors g 
x(x — 2)(x +2) x(x — 2)(x + 2) in the numerator ) 
(x2 — x — 6) + 6x and then add the a 
= Ges fractions. i 
Vee ee 8 
x(x — 2)(x + 2) eg 
(x ar 6)(x = 1) 8 
& 
3 
a 
© 
= 
iz 
Q 
8 
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Example 3 You Try It 3 


: Sf -. 4y 3 
Simplify: : at 7 


Solution , Your solution 
The LCM of the denominators is 12x. 


et) ae 


cee ok «AX 
_ ly loy | Sy 
as ee = aes 
I2v— l6y 4 Oy 5y 
- 12x Pix 


Example 4 You Try It 4 


Simplify: os — Simplify: 2 


3 


x —, 
3) = 5 = BD Do = 5% 


Solution Your solution 
Remember 3 — x = —(x — 3). 
oa 5 ee 
bese 2 3 = 3) PSS 
ee ee =) 
3-x x-3 x-3 
Be Xia 5D) Ue ok O 
aoa Ga 8 


Therefore, 


Example 5 You Try It 5 
: afm, oe 1 : Afi ice ee 
SLATS Syrerey Peer SL mer tas 


Solution Your solution 
The LCM is (2x — 3)(x + 1). 


x + I 
2x? + 2x Meme 
~ (2x — 3)e +1) (2x — 3)(x + 1) 
_ (2x? + 2x) — (2x — 3) 24? + 3 


C7 3)G- 1) OL 2) 08 mall) 


Solutions on p. S13 
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Example 6 
Simplify: 1 + < 


Solution 
The LCM is x 


Example 7 

3 oR. he ap 3} 3 
Simplify: Se Se ee 
Solution 
The LCM is (x — 4)(x + 2). 
= 


. 3 —— 
Recall: ere sa 


G4 3 3 
EE Rae ee Ee 
ree es 
(Ge = 2NGe te 2) ge = 4) 
ae eae ge ae 
Ge = ANGE ab DY) 


= x+3 (—3)(« + 2) 
G— 4)@- 2) Ge = 4 Ge 4b 2) 
= (x + 3) + (—3)(& + 2) 
(« — 4)@ + 2) 
Roa Oe a ses 
— @—4e 42) (& —4)& +2) 


Example 8 
: Se Be ae 
Simplify: eas 
Solution 
The LCM is'(2x% + 1)\@— 1). 


See oe 2 3 4 


2x7 -x-1 ee ae ee 


Bee ap 3 eoee al 


You Try It 6 


1 


Simplify: 2 — —— 


x 


Your solution 


You Try It 7 


Simplify: ee 


= il 
x? — 25 


Your solution 


You Try It 8 


Simplify: —“—>— + 


Your solution 


4. ati 


Wea). Se an 


= 3x +2 ee = 2 
(2x + 1)(@ — 1) Qe 1G = 1) 


_ 644 2)> Gx = 3) (Bx + 4) 
(Die => Ne = i) 


Beiter oh ae Sar ec 


so = Il 


Dye se 1 
8x + 4 


(2259 a> Es = AN) 


8x + 9 


(ae ae ING = iD) 


(2x + Dx — 1) 


=< 


2 


gay 


3 5 
Dy) eke ap 2 


Solutions on p. S14 
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6.3 Exercises ‘ 


Objective A 
Simplify. 
5 8 6 2 
y y ab ab x+4 x+4 
4. x 2 5. she A Dx 6. by _—iiily 
Tp oe (pee rite) Det Se 2X 4yv+1 4+1 
Dee se Al she de lye qe By. Se — Teh Sve = I 3x + 4 
‘le ge 8. + 9. — 
so = 8 56 = 3 2X — hs al x+9 x+9 
eye — Si ee — 2) Xie, Ax5— 3 2n Sy — 3 
3 — 11. — 12: — 
Lo se — 110) oe al) 2x+7 2x+4+7 3n +4 3n+4 
3 3 6 
Do eas = ie ee oe 
cote 1. a ot 2x 15 ge ae Be = 110) ae ae Se = 110) 
2x + 3 —2 3x —1 2x —7 
15, =——-_ - {+ 16 Se ee a ee 
x—-x-30 x-x- 30 x?>+5x-6 x°+5x-6 
4y +7 ts poss Mate 
a 18. ——__ _ + — 
Ads 29° + 7Ty-— A Dy tly A 2x? — 5x —12 2x*-—5x — 12 
E 
E 
Eee io 2 he xt —3— A? + Ox +1 
2 * x27 -—-9% +20 x?-9x4+20 x*?-—9x+ 20 
E 
a 
5 
8 50 Cee ok el ae 
. x? = 2x —63 x?-2x-63 x? —2x —63 
th 
 e 
LS 
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Objective B 


Simplify. 
4 
Pl, = SF 2 
aod 
5 3 
il, 
3a 64a 
5 2 3 
Ri), == =e 
Bye ea 
5 7 y 3 
30) ee 
2a 3b) by 4a 


33. 
6x 8x 
Ae es ons 
12y 18y 


IDA. 


25% 


28. 


31. 


34. 


37. 


i> 
G0 
1 Vf 
— — — + — 
2x 4a Oe 
6 3 2 
ey inser 
ty ey 
Pkg ale 38 = II 
ae Bye 
2h 3 RS 
ZX Bre 
Eo aeG! ig al 
2x x 


Z3- 


26. 


29% 


32: 


35. 


38. 


412035 
MG 2 
7 al oes 
— + — —- — 
4y by 3y 


Mgrs el re 
6x 4x 


20 hie 
9x 5x 
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45. 


48. 


4x — 3 


3x*y 


2x +1 
Axy? 
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+ — 
46. be ee 2 
xy xy 
Gre ab ff abe 2 
49. — 
z 6xy? 8x*y 


47. sitio tae 
xy xy 
=H gg 4B 7 
50. — 
8x? 12xy 
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274 


de 


oO. 


7Ok 


THEE 


Ss 
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Baral 3 70 20° 3k = ee 
ees * @—TFa+ 128 as 
+ 3 yy 
x+4 3 72. ie 
x>-x-42 7-x x? —3x-10 5-x 
1 x Se = 2 G 5 Lies 
pe ae 4. + Jo 
ect) eer x? — 5x — 6 i x-4 x+5 x*+x-20 
358 ae eM ge +e il 716 Agi Oe ee 49x + 4 
x-1 x-3 +x#-4x*+3 “ x-8 x+4 x-—4x- 32 
ax+9  x+5 2x? + 3x73 oe SX ES: EE ee ee 
3-—-x x+7 x*+4x-21 " ¢+5 %2-x x«2+3x-10 


APPLYING THE CONCEPTS 


1 1 
Find the sum of the following: ee ae orl 
J 1 1 
pa 
33 4, 
‘ 1 1 
—— + ——— + —— + —— 


1 
Lae De 25 eS Aa OAS 


Note the pattern in these sums, and find the sum of 50 terms, of 100 
terms, and of 1000 terms. 


In your own words, explain the procedure for adding rational expres- 
sions with different denominators. 


Simplify. 
Sev 


— 81. 


i data ee ete eA 2 x? + 9x + 20 x? — 49 x 
CMe as eI, S Cea ee eer ben ee ee Pe 
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| 6.4 Complex Fractions 


Objective A To simplify a Complex fraction .......ccccccccccccsecscceescceescseeseceesecessceseees (25) 
POINT OF INTEREST A complex fraction is a fraction Tee 1 “ 3 
Tubre aremeny instances of whose numerator or denominator 2 x Mea are os Bi 
complex fractions in contains one or more fractions. Ex- 1’ , =. em (on 
application problems. The amples of complex fractions are ie 5 Bos - Ken ed 
fraction is used to shown at the right. 
fat 4 
determine the total resistance ; : Z 
in certain electric circuits. > Simplify: 2 
1+- 
x 
The LCM of x and x? is x’. e Find the LCM of the denominators of the 
fractions in the numerator and denominator. 
1 4 1 4 
oe eee Multiply the numerator and denomi- 
Se 2 x nator by the LCM. 
1+- 1+- 
3 
4 
1x “3 7 
Be 
F apa oe © Simplity. 
lex +—-x? 
x 


Example 1 You Try It 1 


gts ee 
a Simplify: eae 
4 


2 9 x? 


Simplify: 
x 


Solution Your solution 
The LCM of x, 2, x”, and 4 is 4x’. 


1 
- Ax? + — + Ax? 
Xx 2 X 


1 
x 
ane 
oe 


Solution on p. S14 
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Example 2 You Try It 2 


ADRES) 
1+-+5 
x x 


Simplify: —————— Simplify: 
1 —= 


2) 
[oe ee 


x? 


Solution Your solution 
The LCM of x and x? is x’. 


ye iy. 


_ GSN +3) x +3 
CEG ON Gr SG 


1 


Example 3 You Try It 3 


Zz) 
CoS e 


Simplify: ————> 
22° 8 
58 = 5) 


Solution Your solution 
The LCM is x + 4. 


x 

24 
4 ap 
Big 4032 1520) ox 45 12 
7 ESSE = is 


(x — 8)\(« + 4) + % -(~ + 4) 


(x — 10)\@ + 4) + -(x + 4) 


_@-OG4+ x -6 
(x — 8)G@4+2) x—8 


Solutions on p. S14 
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. 


6.4 Exercises 


Objective A 
Simplify. 
3 
Wy ae pon 2- - 
6 $e 
1. De 3. 
9 16 12 
Re BG ge ap A! 
DS 
Das vee 2- ae 
4 Sates) 5 Vea 2 6 2X 
“ om 3 2 DE = 
5 eas) Ned 2 Ml 
@ 3 1 6 
4— 5+ ary barca 
x+7 e=> gee 
The 8 9. 
5 4 : Ds J i 
Dead te al le x—-8 Ge 
4 4 > 6 12 
iets 1 2S SS ae 
10 Ses 11 x x 12 a a 
5 8 ° 6 5 ; 20 
| Oe ae se gery [eb i eee 
Re RS xox OO @ 
3 18 4 
pe LS ae Alias 
; G60 WB x x x+3 
2 13... —————— 14. ————_ 15. 
ae, ee hee 
A Pe a x? x x-+- 3 
= 
2 
: 
5 
“a 1 x ' Die 
é y + 2x +1 _ 3x = 1 
g Vie 2 soe, 8. 
5 16. ae 17. i 1 mi 
£ = = 
2 eS, 2x +1 3x - 1 
eo 
2 
S} 
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10 
5p = 3) sk mS a+4+ — Ht SSE 
19, ——__—__— 20. —————— 21. . 
ee oa rn sn 
i ete é eet? PaO 
5 ae i 
eet Ame VO a be Ae 
eae + — 
bd, —— 23. = . : 24, —' 
oth 5 + +1- 
4 = y 2y +3 a 2x —1 
ee eee a ls ee 
2x — ae t 
25. ca 72 eee 26. peri 2 ac 6 ae aa ( 
ee eae rs Sire | 
2x — 3 De a ee | © A OA | 
1 
2 Sew 4B 3 . 
i) 2x—-1 x [ae 
28a 29, =———= 30. — = 
z Gea a z Oe 2 
na len Cai ah ba | | 


APPLYING THE CONCEPTS 


Simplify. 
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Solving Equations 
Containing Fractions 


Objective A_ To solve an equation containing fractions ............ccccccc00cccccrecerees (2) cr 


To solve an equation containing fractions, clear denominators by multiplying 
each side of the equation by the LCM of the denominators. Then solve for the 


variable. 


=p Solve: “ re gid 


3 6 
oye = il 2== 7 
| 
4 3 © 
oye = Il 2 7 
2, qe =|) = Po = 
( 4 | 2 6 
sye — JI y 7 
12 + —— = 
( a 12 3 12 7 
4 2 
AZ | SX el ,47% 2_K% 7 
J A il 2 il (8 
1 it 1 
9x —3 + 8= 14 
9x + >= 14 
9x =9 


x= 1 


® The LCM is 12. Multiply each 
side of the equation by the LCM. 


© Simplify using the Distributive Property 
and the Properties of Fractions. 


¢ 


® Solve for x. 


1 checks as a solution. The solution is 1. 


Occasionally, a value of the variable that appears to be a solution of an equation 
will make one of the denominators zero. In this case, that value is not a solution 
of the equation. 


Re Coat 4 
> Solve ae 1 sewers 
2x ree 
Bra IA —. 
- e The LCM is x — 2. Multiply each 
as 2s Sree a1 #s x ;] side of the equation by the LCM. 
ji ® Simplify using the Distributive 
ag ae =e ae OD a =») Property and the Properties of 
, : Fractions. 
(i—=2Z) 2% G2) 4 
: =( =2)* 1+ aes 
1 7 1 x2 
1 
Zio Dt 4 ® Solve for x. 
D2, Tie Bay ad 
x=2 


; : hs 4 
When «x is replaced by 2, the denominators of ; = 5 and 5 are zero. There- 


fore, the equation has no solution. 


yas 
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Example 1 


Solve: ~— = 
x+4 


Solution 
The LCM is x(x + 4). 


x? =(x + 4)2 
C=) 8 


Solve the quadratic equation by factoring. 


Ate 10) 

(x — 4)(«% + 2)=0 
x-4=0 x*+2=0 

x=4 x=-2 


Both 4 and —2 check as solutions. 
The solutions are 4 and —2. 


Example 2 


Solve: aun 
ei 


Solution 
The LCM is x — 4. 


ze = a! 
=i. a(s + Ee 
= 
1 
. =(x - 4)5 + 
1 
3x = (x — 4)5 + 12 
3x = 5x — 20+ 12 
Sx — 8 
—2x = 8 
x=4 
4 does not check as a solution. 
The equation has no solution. 


i) 


&—4) 
1 


x— 4 


1 


You Try It 1 


Solve: —— 
x+6 


Your solution 


You Try It 2 


Solve: 
x+2 


Your solution 


Solutions on p. S15 
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22s ees 23: tsa 24. Spe ae 
= aoe a rarer in ee 
31. rt 32. xo 33. BE agit 


APPLYING THE CONCEPTS 


34. Explain the procedure for solving an equation containing fractions. 
VA Include in your discussion how the LCM is used to eliminate fractions 
in the equation. 


Solve. 
1 Dy eS, 3 1 2 
35 et Vee (lay) —a==(3- 
5) 3 | y) 15 36. 44 78 a) + 
Ey 
b+2 1 3 = 3 3 EE 
37. =— pb — —(p — ]) 385 ee = ae 
a ae Ao ae —x-1 2-1 +d z 
g 
1S) 
gS 
a 
ae th 30 ap Y 3 a 
x al 
oa a 40, ee ee a 
EI it cme OA Ay Sian Wa Ca pe a ees SR I) z 
o 
i 
ey EB] 
oO 
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ii 
e 


6.6 Ratio and Proportion 


Objective A To Solve & Proportion .........::ccsscssssesessocssenensssecssssnseserscssensevetscsacaseuss ({21}) CT 


Quantities such as 4 meters, 15 seconds, and 8 gallons are number quantities 
written with units. In these examples the units are meters, seconds, and gallons. 


A ratio is the quotient of two quantities that have the same unit. 


The length of a living room is 16 ft and the width is 12 ft. The ratio of the length 
to the width is written 


16 fte sl6ne)4 A ratio is in simplest form when the two numbers do not 


(ore iD eo have a common factor. Note that the units are not written. 


A rate is the quotient of two quantities that have different units. 
There are 2 lb of salt in 8 gal of water. The salt-to-water rate is 


Zi be eglelb A rate is in simplest form when the two numbers do not have 
8 gal 4 gal a common factor. The units are written as part of the rate. 


A proportion is an equation that states the equality 30mi_—s-:15 mi 
of two ratios or rates. Examples of proportions are a 
shown at the right. 


™» Solve the proportion : = *. 


x 
aes Be 2 e The LCM of the denominators is 3x. Multiply each 
ak yi) 5 ‘ side of the proportion by the LCM. 
2 
6 


= 2x ® Solve the equation. 
x 


Example 1 You Try It 1 


6 


: 8 Y ie t- 
Solve the proportion Sis ; Solve the proportion aes Creare 


Your solution 


8 4 
Solution — 
6 


n+ 3 


8 4 
Ke 2)e ae x(x, + 3)-. 
8x = 4x + 3) 
8x = 4x + 12 
4x = 12 
x=3 
The solution is 3. 


Solution on p. S15 
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Objective B_ To solve application problems .........-...::ccccr rec rtererrerstniies (i2"}) 


Example 2 You Try It 2 

The monthly loan payment for a car is Sixteen ceramic tiles are needed to tile a 
$28.35 for each $1000 borrowed. At this 9-square-foot area. At this rate how many 
rate, find the monthly payment for a square feet can be tiled using 256 ceramic 
$6000 car loan. tiles? 


Strategy Your strategy 
To find the monthly payment, write and 

solve a proportion, using P to represent the 

monthly car payment. 


Solution Your solution 
28.35 us P 


1000 6000 


28.35 P. 
coo0( 2825) a £000( 5) 
170:10;—.P 


The monthly payment is $170.10. 


Solution on p. S15 


Objective C_ To solve problems involving similar triangles. ...........::1ccccscccceeseeeeenseenes — 


Similar objects have the same shape but not necessarily the same size. A tennis 
ball is similar to a basketball. A model ship is similar to an actual ship. 


Similar objects have corresponding parts; for example, the rudder on the model 
ship corresponds to the rudder on the actual ship. The relationship between the 
sizes of each of the corresponding parts can be written as a ratio, and each ratio 


will be the same. If the rudder on the model ship is aa the size of the rudder on 
the actual ship, then the model wheelhouse is as the size of the actual wheel- 


house, the width of the model is ia the width of the actual ship, and so on. 


The two triangles ABC and DEF iy 
shown at the right are similar. Side 
AB corresponds to DE, side BC cor- = : 5 : + 
responds to EF, and side AC corre- Ja 
sponds to DF. The height CH A HT Sees K 7 
corresponds to the height FK. The i as : en 
ratios of corresponding parts are 
equal. 

AB. 4. i —-AC 13) (imeEe at CH. 1 5eaul 


DE 8 2’ DF 60 2° ERRWagoraR seem aren 
Since the ratios of corresponding parts are equal, three proportions can be 
formed using the sides of the triangles. 

AB aA AB BC 


AB _ AC Ab bt AGME BE 
DE DF’ DE EE 


and — = — 
DF EF 
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TAKE NOTE 


Vertical angles of intersecting 
lines, parallel lines, and angles 
of a triangle are discussed in 
the section “Geometry 
Problems” in the Solving 
Equations chapter. 
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Three proportions can also be formed by using the sides and height of the 
triangles. 


ABS CH ~ AC AGH 
DE FK’ DF FK’ 


Hijo ECHECH 
EPOW EK 


The corresponding angles in similar triangles are equal. Therefore, 
ZA=ZD, ZB = ZE, and Vi ay bed fh 


It is also true that if the three angles of one triangle are equal respectively to the 
three angles of another triangle, then the two triangles are similar. 


A line DE is drawn parallel to the base AB 
in the triangle at the right. 2x = 2m and 
Zy = Zn because corresponding angles 
are equal. Angle C = angle C, thus the 
three angles of triangle DEC are equal 
respectively to the three angles of triangle 
ABC. The triangle DEC is similar to the tri- 
angle ABC. 


The sum of the three angles of a triangle is 180°. If two angles of one triangle are 
equal to two angles of another triangle, then the third angles must be equal. Thus 
we can say that if two angles of one triangle are equal to two angles of another 
triangle, then the two triangles are similar. 


«i The lines AB and CD intersect A Acme 
at point O in the figure at the 
right. Angles C and D are right 
angles. Find the length of DO. 


First we must determine if tri- 
angle AOC is similar to trian- 
gle BOD. 


D 7cm B 


Angle C = angle D because they are right angles. 
Angle x = angle y because they are vertical angles. 


Therefore triangle AOC is similar to triangle BOD because two angles of one 
triangle are equal to two angles of the other triangle. 


AG aac ¢ Use a proportion to find the length 
DB a DO of the unknown side. 

gee aoe 

7 DO 


3) 
1(D0)= = (D™) 565 


4(DO) = 7(3) 
4(DO) = 21 
DO = 5.25 
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=» Triangles ABC and 
DEF at the right are 
similar. Find the area 


of triangle ABC. 
AB _ CH 
DE FG 
Eece 
iz 3 
5 CH 
: 2 : 3 
5 = 4(CH) 
1.25 = CH 
1 1 
A=zbh=—= 
2 z 


(5)(1.25) = 3.125 


C 


ee ee) 


A Swibste Salley 3) 12 in. G 


® Solve a proportion to find the 
height of triangle ABC. 


® The height is 1.25 in. The base its 5 in. 


e Use the formula for the area of a triangle. 


The area of triangle ABC is 3.125 in’. 


Example 3 

In the figure below, AB is parallel to DC 

and angles B and D are right angles. 
AB=12iny DE =4 mand AC = 18 m: Find 
the length of CO. 


Strategy 

Triangle AOB is similar to triangle DOC. 
Solve a proportion to find the length of CO. 
Let x represent the length of CO and 18 — x 
represent the length of AO. 


Solution 
DC _CcOQ 
AB AO 
Ae ees 
iD Tins 


4 
ma ————— 12 =, 5 
NAGS =e ae (18 — x) 


4(18 — x) = 12x 

72 — 4x = 12x 

72 = 16x 
45=x 


The length of CO is 4.5 m. 


lt} = 3¢ 


You Try It 3 

In the figure below, AB is parallel to DC and 
angles A and D are right angles. AB = 10 cm, 
CD = 4 cm, and DO = 3 cm. Find the area of 
triangle AOB. 


A 


Your strategy 


Your solution 


Solution on p. S15 
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6.6 Exercises 


Objective A 
Solve. 
ea 3 OAry 22 4 ve 
1 —=— 2. —-=— = 
12> 4 3 i Oe 2. 
16 64 + 4 
eee OF 5 ge ce 6 3_x 4 
9 se 1 6 5 10 
18 9 
7 4 gn ee 420 ie ie 
ett 4 5} 11 x«-3 x xt+i1 
16 8 $8 ae oy =O 4 
10. =— Ch. =— 4 =— 
eae) oe. Xx. 4 8 ¢ 12 3 5 
2 6 9 3 2.  -—2 
13. = : = — 
se = Il 2x +1 be Leap ey oh = es Ut 14 


Objective B= Application Problems 


16. Simple syrup used in making some desserts requires 2 cups (c) of 


sugar for every 2 c of boiling water. At this rate, how many cups of 
g es g y cup 


sugar are required for 2 c boiling water? 


17. An exit poll survey showed that 4 out of every 7 voters cast a ballot in 
favor of an amendment to a city charter. At this rate, how many vot- 
ers voted in favor of the amendment if 35,000 people voted? 


18. Ina city of 25,000 homes, a survey was taken to determine the number 
with cable television. Of the 300 homes surveyed, 210 had cable televi- 
sion. Estimate the number of homes in the city that have cable televi- 


sion. 


19. Ona map, two cities are 22 in. apart. If 7 in. on the map represents 


25 mi, find the number of miles between the two cities. 
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20. 


2A. 


7.40 


23. 


24. 


2 


26. 


Chapter 6 / Rational Expressions 


A company decides to accept a large shipment of 10,000 computer chips 
if there are 2 or fewer defects in a sample of 100 randomly chosen 
chips. Assuming that there are 300 defective chips in the shipment and 
that the rate of defective chips in the sample is the same as the rate in 
the shipment, will the shipment be accepted? 


The sales tax on a car that sold for $12,000 is $780. At this rate, how 
much higher is the sales tax on a car that sells for $13,500? 


The lighting for some billboards is provided by using solar energy. If 3 
small solar energy panels can generate 10 W of power, how many pan- 
els are necessary to provide 600 W of power? 


To conserve energy and still allow for as much natural lighting as 
possible, an architect suggests that the ratio of the area of a window 
to the area of the total wall surface be 5 to 12. Using this ratio, deter- 
mine the recommended area of a window to be installed in a wall 
that measures 8 ft by 12 ft. 


As part of a conservation effort for a lake, 40 fish are caught, tagged, 
and then released. Later 80 fish are caught. Four of the 80 fish are 
found to have tags. Estimate the number of fish in the lake. 


In a wildlife preserve, 10 elk are captured, tagged, and then released. 
Later 15 elk are captured and 2 are found to have tags. Estimate the 
number of elk in the preserve. 


The engine of a small rocket burns 170,000 Ib of fuel in 1 min. At this 
rate, how many pounds of fuel does the rocket burn in 45 s? 


Triangles ABC and DEF in Exercises 27 to 34 are similar. Round answers to the nearest tenth. 


Dike 


Objective C 


Find side AC. 28. Find side DE. 
F F 
15 cm 5 in , ee 
C Se : Zz = 
Py. MARS S Be op B 


A 4cm B D 9 cm E 
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29. 


31. 


SiS: 


cay 


EW 


Find the height of triangle ABC. 


Find the perimeter - triangle DEF. 


AX 


A 4f B 


Find the area of triangle ABC. 


4 


12m 18m 


Given BD || AE, BD measures 5 cm, 
AE measures 8 cm, and AC measures 
10 cm, find the length of BC. 

: 


Given DE || AC, DE measures 6 in., 
AC measures 10 in., and AB mea- 
sures 15 in., find the length of DA. 


B 
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30. Find the height of triangle DEF. 


9 ft 


A B 


32. Find the perimeter : triangle ABC. 


C 
Visayan 10 m 
3) 300) E 


A 4m 


34. Find the area of triangle ABC. 
F 


15 cm 
Law is 


12 cm D 225 Cm E 


36. Given AC || DE, BD measures 8 m, 
AD measures 12 m, and BE mea- 
sures 6 m, find the length of BC. 


38. Given MP and NQ intersect at O, NO 
measures 25 ft, MO measures 20 ft, 
and PO measures 8 ft, find the 
length of QO. 

Q 


M ea P 


O 
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39. Given MP and NO intersect at O, NO 40. Given MO and NP intersect at O, NO mea- 


measures 24 cm, MN measures 10 cm, sures 12 m, MN measures 9 m, PQ measures 
MP measures 39 cm, and QO measures 3 m, and MO measures 20 m, find the perime- 
12 cm, find the length of OP. ter of triangle OPQ. 
M M 
N 75) OQ 
le i O p 
Q 


41. Similar triangles can be used as an indirect way to measure 
inaccessible distances. The diagram at the right represents a 
river of width DC. The triangles AOB and DOC are similar. 
The distances AB, BO, and OC can be measured. Find the 
width of the river. 


42. The sun’s rays cast a shadow as shown in the diagram at 
the right. Find the height of the flagpole. Write the answer 
in terms of feet. 


APPLYING THE CONCEPTS 


43. Three people put their money together to buy lottery tickets. The first 
person put in $25, the second person put in $30, and the third person 
put in $35. One of their tickets was a winning ticket. If they won $4.5 
million, what was the first person’s share of the winnings? 


44. No one belongs to both the Math Club and the Photography Club, but 
the two clubs join to hold a car wash. Ten members of the Math Club 
and 6 members of the Photography Club participate. The profits from 
the car wash are $120. If each club's profits are proportional to the 


number of members participating, what share of the profits does the 
Math Club receive? 


45. A basketball player has made 5 out of every 6 foul shots attempted in 


one year of play. If 42 foul shots were missed that year, how many shots 
did the basketball player make? 


Copyright © Houghton Mifflin Company. All rights reserved. 


Section 6.7 / Literal Equations 291 


6./ Literal Equations 


2 o “4 i = c —————y [4] 
Objective A_ To solve a literal equation for one of the variables ...................... to) 
A literal equation is an equation that contains more than 2x + 3y = 6 
one variable. Examples of literal equations are shown at 4w — 2x +z=0 
the right. 
Formulas are used to express a rela- 1 bow : 
tionship among physical quantities. A 7, IR peice) 


formula is a literal equation that states 
rules about measurements. Examples 
of formulas are shown at the right. 


s=a+(n—I1)d (Mathematics) 
A=P+ Prt (Business) 


The Addition and Multiplication Properties can be used to solve a literal equa- 
tion for one of the variables. The goal is to rewrite the equation so that the vari- 
able being solved for is alone on one side of the equation and all the other 
numbers and variables are on the other side. 


=p Solve A = P(1 + i) fori. 


The goal is to rewrite the equation so that i is on one side of the equation and 
all other variables are on the other side. 


A = P(1i + i) 
A=Pt+Pi © Use the Distributive Property to remove parentheses. 
Agate Pt © Subtract P from each side of the equation. 
A— P= Pi 
los otal oe 
P = P ® Divide each side of the equation by P. 
Ala i: 


Example 1 You Try It 1 
Solve 3x — 4y = 12 for y. Solve 5x — 2y = 10 for y. 


Solution Your solution 
3x — 4y = 12 
3K 3x —Ay= —3x'+ 12 


—4y = —3x + 12 
ave tetas 


Solution on p. S15 
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Example 2 


Solve J = E 


ame OPI 


Solution 
E 


— 
IR SP iF 


(Rotana = (Riten) sige 


RI+rl=E 
RI — fl — EF 


Example 3 
Solve L = a(1 + ct) for c. 
Solution 
L=a(i + ct) 
L=a-+tact 
La a— a+ act 
L-a=act 
L=a_ act 


at at 
iL, = el 


at 


Example 4 
Solve S = C — rC for C. 


Solution 
SHC = KC 
S=(1-nC 


eo ee eG 


il =¥ 


You Try It 2 
Ales 
Solve s = me 5n Ors 


Your solution 


You Try It 3 
Solve S = a + (n — 1)d for n. 


Your solution 


You Try It 4 
Solve S = C + rC for C. 


Your solution 


Solutions on p. S16 
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6.7 Exercises 


eS ek ane a ee ns Meee coca ke) ae) ce je) ie) Le coi xe if, (8 (el “s| 16 is, © le is (© \@ (@) 0 ow os Ne 8, te 8 te lll ele lw le le 8 eh ee ek ee 


Objective A 
Solve for y. 
1. 3x +y=10 Dott Vie 3.: Ax =Ty = 3 4. 5x -y=7 
5.OK ey =o 6. 2x+ 3y=9 Ths Chee ee aK) 8. 5x —-2y=4 
9. 2x + Ty = 14 10. 6x — 5y=10 Li ova 0 12) x+2y=8 
13. 2%— 9y — 18 = 0 14. 3x -y+7=0 FAW Pes) or Sy — WW) 
Solve for x. 
16. x + 3y=6 2a. Xa OY — 10 18s 3x8 35 
19. 2x-y=6 20. 2x + 5y= 10 21aadxy Tt Oye— al 
22a ix yt lo= 0 23. «49 = 35 — 0 24. 5x + 4y + 20=0 


Solve the formula for the given variable. 
25. d=rt:t (Physics) 26. E=IR;R (Physics) 


27. PV =nRI;T (Chemistry) 28. A=bh;h (Geometry) 
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= 9 
— 29. P=21+ 2w;1 (Geometry) 30. F= 5c sieve (Temperature 
o conversion) 
: 
5 
31. A= aie + b,); b; (Geometry) 32. C= 9 fF — 32); F (Temperature 
2 conversion) 
33. V= = Ah; h (Geometry) 34... P= R= Cac (Business) 
" R=C : 
35. R= g ; 2 S (Business) 36. P= 53 alk (Business) 
2 37. Ac P+ Prt Pe (Business) 38. T=fm—gm;m (Engineering) 
39. A=Sw+w;w (Physics) 40. a=S-—Sr;S (Mathematics) 


APPLYING THE CONCEPTS 


Breakeven analysis is a method used to determine the sales volume required for a company to break 
even, or experience neither a profit nor a loss on the sale of a product. The breakeven point represents 
the number of units that must be made and sold for income from sales to equal the cost of the 


product. The breakeven point can be calculated using the formula B = where F is the fixed 


— 
=" 
costs, S is the selling price per unit, and V is the variable costs per unit. 


F 


41. a. Solve the formula B = cea 


[Orn Ss 


2 b. Use your answer to part a to find the required selling price per unit 
a for a company to break even. The fixed costs are $20,000, the vari- 


2 able costs per unit are $80, and the company plans to make and sell 
- 200 desks. 


c. Use your answer to part a to find the required selling price per unit 
for a company to break even. The fixed costs are $15,000, the vari- 


able costs per unit are $50, and the company plans to make and sell 
i 600 cameras. 
$ 


es — 
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6.8 Application Problems 


Objective A 


TAKE NOTE 


Use the information given in 


the problem to fill in the “Rate” 


and “Time” columns of the 
table. Fill in the “Part 
Completed” column by 


multiplying the two expressions 


you wrote in each row. 


To Solve: work problems .........\ssstsiesetids Geliids iedivistidadindastineededede chee (}) 


If a painter can paint a room in 4 h, then in 1 h the painter can paint } of the 
room. The painter's rate of work is } of the room each hour. The rate of work is 
the part of a task that is completed in one unit of time. 


A pipe can fill a tank in 30 min. This pipe can fill 35 of the tank in 1 min. The rate 
of work is 35 of the tank each minute. If a second pipe can fill the tank in x min, 
the rate of work for the second pipe is + of the tank each minute. 


In solving a work problem, the goal is to determine the time it takes to complete 
a task. The basic equation that is used to solve work problems is 


Rate of work x time worked = part of task completed 
For example, if a faucet can fill a sink in 6 min, then in 5 min the faucet will fill 


< X 5 =? of the sink. In 5 min the faucet completes ? of the task. 


~» A painter can paint a wall in 20 min. The painter’s apprentice can paint the 
same wall in 30 min. How long will it take to paint the wall when they work 
together? 


Strategy for Solving a Work Problem 


1. For each person or machine, write a numerical or variable 


expression for the rate of work, the time worked, and the part of 
the task completed. The results can be recorded in a table. 


Unknown time to paint the wall working together: ¢ 


Rate of Work Time Worked = __ Part of Task Completed 
1 = vik 
Painter 30 t = 50 
A i i . if == he 
pprentice 30 ts 30 


2. Determine how the parts of the task completed are related. Use 
the fact that the sum of the parts of the task completed must 


equal 1, the complete task. 


The sum of the part of the task it.) ee 
completed by the painter and the 20P 30 
rt of the task leted by the t t 
ae cee is 1 eee z co( 4 a <) OUP aL ® Multiply by 
2 ci lees ee the LCM of 
hs a 20 and 30. 
5t = 60 
t= 12 
Working together, they will paint the wall in 12 min. 
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Example 1 You Try It 1 

A small water pipe takes three times longer Two computer printers that work at the 

to fill a tank than does a large water pipe. same rate are working together to print the 

With both pipes open it takes 4 h to fill the payroll checks for a large corporation. After 

tank. Find the time it would take the small they work together for 2 h, one of the 

pipe, working alone, to fill the tank. printers quits. The second requires 3 h more 
to complete the payroll checks. Find the 
time it would take one printer, working 
alone, to print the payroll. 


Strategy Your strategy 
Time for large pipe to fill the tank: ¢ 
Time for small pipe to fill the tank: 3¢ 


Fills tank Fills tank 
in 3¢ hours in ¢t hours 


Fills {ofthe Fills 4 of the 
tank in 4 hours _ tank in 4 hours 


Small pipe 


3t 
a 
t 


Large pipe 


The sum of the parts of the task 
completed by each pipe must equal 1. 


Solution Your solution 


4+ 12 = 3t 
16 = 3t 
ey 
3 


16 
3t = 3(—]= 
(18) =16 


The small pipe working alone takes 16 h to 
fill the tank. 


Solution on p. S16 
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Objective B_ To solve uniform motion probleMS. ..........2.2.c0.00c00c00cccescesesseseesseeees (}) 


TAKE NOTE 


Use the information given in 
the problem to fill in the 
“Distance” and “Rate” 
columns of the table. Fill in the 
“Time” column by dividing the 
two expressions you wrote in 
each row. 


A car that travels constantly in a straight line at 30 mph is in uniform motion. 
Uniform motion means that the speed or direction of an object does not change. 


The basic equation used to solve uniform motion problems is 
Distance = rate X time 


An alternative form of this equation can be written by solving the equation 
for time. 


Distance ti 
———— =time 
Rate 


This form of the equation is useful when the total time of travel for two objects 
or the time of travel between two points is known. 


=» The speed of a boat in still water is 20 mph. The boat traveled 75 mi down a 
river in the same amount of time it took to travel 45 mi up the river. Find the 


rate of the river's current. 
¢ 


Strategy for Solving a Uniform Motion Problem 


1. For each object, write a numerical or variable expression for the 


distance, rate, and time. The results can be recorded in a table. 


The unknown rate of the river's current: r 


Distance = Rate = Time 

ey ama : mca Mee 

: Down river Ws + 20+r = Lae 
Up ri as TPH OS eta alah i ul et 
ae arate TAMER 20 —r 


2. Determine how the times traveled by each object are related. For 
example, it may be known that the times are equal, or the total 


time may be known. 


WHS) 45 ® The time down the river 
20 +4r = 20 —4r is equal to the time up 
the river. 
(20+. 7)(20 = nr) i = (20 + r)(20 — 7) © Multiply by the LCM. 

205i KY = iF 

(20 — r)75 = (20 + r)45 

1500 — 75r = 900 + 45r 
—120r = —600 

r=5 


The rate of the river’s current is 5 mph. 
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Example 2 

A cyclist rode the first 20 mi of a trip at a 
constant rate. For the next 16 mi, the cyclist 
reduced the speed by 2 mph. The total time 
for the 36 mi was 4 h. Find the rate of the 
cyclist for each leg of the trip. 


Strategy 
Rate for the first 20 mi: r 
Rate for the next 16 mi: r — 2 


16 mi 


Distance 
First20mi 20 


Next16mi 16 


The total time for the trip was 4 h. 


Solution 
16 
—-+ = 4 
ae 


rr ~ 2/22 4 u 
aa 


sfane-2-4 


(r — 2)20 + 16r = 4r? — 8r 
20r — 40 + 16r = 4r? — 8r 
36r — 40 = 4r? — 8r 


Solve the quadratic equation by factoring. 


0 = 4r” — 44r + 40 
0 = 4(r? — 11r + 10) 
0 = 4(r — 10)¢ — 1) 
r—-10=0 r—-1=0 
r= 10 r=1 
The solution r = 1 mph is not possible, 


because the rate on the last 16 mi would 
thenibe =) mph: 


10 mph was the rate for the first 20 mi. 
8 mph was the rate for the next 16 mi. 


You Try It 2 

The total time it took for a sailboat to sail 
back and forth across a lake 6 km wide was 
2 h. The rate sailing back was three times 
the rate sailing across. Find the rate sailing 
out across the lake. 


Your strategy 


Your solution 


Solution on p. S16 | 


Copyright © Houghton Mifflin Company. All rights reserved. 


Section 6.8 / Application Problems 299 


6.8 Exercises 


Objective A Application Problems 


1. A park has two sprinklers that are used to fill a fountain. One sprinkler 
can fill the fountain in 3 h, whereas the second sprinkler can fill the 
fountain in 6 h. How long will it take to fill the fountain with both sprin- 
klers operating? 


2. One grocery clerk can stock a shelf in 20 min, whereas a second clerk 
requires 30 min to stock the same shelf. How long would it take to stock 
the shelf if the two clerks worked together? 


3. One person with a skiploader requires 12 h to remove a large quantity 
of earth. A second, larger skiploader can remove the same amount of 
earth in 4 h. How long would it take to remove the earth with both 
skiploaders working together? 


4. An experienced painter can paint a fence twice as fast as an inexperi- 
enced painter. Working together, the painters require 4 h to paint the 
fence. How long would it take the experienced painter working alone to 
paint the fence? 


5. One computer can solve a complex prime factorization problem in 75 h. 
A second computer can solve the same problem in 50 h. How long 
would it take both computers, working together, to solve the problem? 


6. Anew machine can make 10,000 aluminum cans three times faster than 
an older machine. With both machines working, 10,000 cans can be 
made in 9 h. How long would it take the new machine, working alone, 
to make the 10,000 cans? 


7. A-small air conditioner can cool a room 5° in 75 min. A larger air con- 
ditioner can cool the room 5° in 50 min. How long would it take to cool 
the room 5° with both air conditioners working? 


ae! 
o 
2 
eo 
vA 
4 
Z 
G 
[S)) 
& 
=a 
a 
EI 
[2 
iz 
° 
Oo 
a 
= 
a 
=) 
eS 
GS 
on 
=] 
(2) 
= 
(2) 
& 
: 
° 
Oo 


8. One printing press can print the first edition of a book in 55 min, 
whereas a second printing press requires 66 min to print the same num- 
ber of copies. How long would it take to print the first edition with both 


presses operating? 


9. Two oil pipelines can fill a small tank in 30 min. Using one of the 
pipelines would require 45 min to fill the tank. How long would it take 
the second pipeline alone to fill the tank? 
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10. Working together, two dock workers can load a crate in 6 min. One dock 
worker, working alone, can load the crate in 15 min. How long would it 
take the second dock worker, working alone, to load the crate? 


11. A mason can construct a retaining wall in 10 h. With the mason’s 
apprentice assisting, the task would take 6 h. How long would it take 
the apprentice working alone to construct the wall? | 


12. A mechanic requires 2 h to repair a transmission, whereas an appren- 
tice requires 6 h to make the same repairs. The mechanic worked alone 
for 1 h and then stopped. How long will it take the apprentice, working 
alone, to complete the repairs? 


13. One computer technician can wire a modem in 4 h, whereas it takes 6 h 
for a second technician to do the same job. After working alone for 2 h, 
the first technician quit. How long will it take the second technician to 
complete the wiring? 


14. A wallpaper hanger requires 2 h to hang the wallpaper on one wall of a 
room. A second wallpaper hanger requires 4 h to hang the same amount 
of paper. The first wallpaper hanger worked alone for 1 h and then quit. 
How long will it take the second wallpaper hanger, working alone, to 
complete the wall? 


15. Two welders who work at the same rate are welding the girders of a 
building. After they work together for 10 h, one of the welders quits. 
The second welder requires 20 more hours to complete the welds. Find 
the time it would have taken one of the welders, working alone, to com- 
plete the welds. 


16. A large and a small heating unit are being used to heat the water of a 
pool. The larger unit, working alone, requires 8 h to heat the pool. After 
both units have been operating for 2 h, the larger unit is turned off. The 
small unit requires 9 h more to heat the pool. How long would it take 
the small unit, working alone, to heat the pool? 


17. Two machines that fill cereal boxes work at the same rate. After they 
work together for 7 h, one machine breaks down. The second machine 
requires 14 h more to finish filling the boxes. How long would it have 
taken one of the machines, working alone, to fill the boxes? 


peor ty en op ea eee Se Coco een esa 


Se 


18. A large and a small drain are opened to drain a pool. The large drain 
can empty the pool in 6 h. After both drains have been open for 1 h, the 
large drain becomes clogged and is closed. The smaller drain remains 
open and requires 9 h more to empty the pool. How long would it have 
taken the small drain, working alone, to empty the pool? 
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Objective B_) Application Problems 


19. Commuting from work to home, a lab technician traveled 10 mi at a 
constant rate through congested traffic. On reaching the expressway, 
the technician increased the speed by 20 mph. An additional 20 mi, 10 mi 20 mi 
was traveled at the increased speed. The total time for the trip was 1 r r+20 
h. Find the rate of travel through the congested traffic. 


20. The president of a company traveled 1800 mi by jet and 300 mi on a 
prop plane. The rate of the jet was four times the rate of the prop plane. 
The entire trip took a total of 5 h. Find the rate of the jet plane. 


21. As part of a conditioning program, a jogger ran 8 mi in the same time en 
a cyclist rode 20 mi. The rate of the cyclist was 12 mph faster than z. A 
the rate of the jogger. Find the rate of the jogger and that of the 
cyclist. pa ie &® 
if 


22. An express train travels 600 mi in the same amount of time it takes a * 
freight train to travel 360 mi. The rate of the express train is 20 mph 
faster than that of the freight train. Find the rate of each train. 


23. To assess the damage done by a fire, a forest ranger traveled 1080 mi by 
jet and then an additional 180 mi by helicopter. The rate of the jet was 
4 times the rate of the helicopter. The entire trip took a total of 5 h. Find 
the rate of the jet. 


24. A twin-engine plane can fly 800 mi in the same time that it takes a 
single-engine plane to fly 600 mi. The rate of the twin-engine plane is 
50 mph faster than that of the single-engine plane. Find the rate of the 
twin-engine plane. 


25. The rate of a motorcycle is 36 mph faster than the rate of a bicycle. The 
motorcycle travels 192 mi in the same amount of time as the bicycle 
travels 48 mi. Find the rate of the motorcycle. 


26. Acar anda bus leave a town at 1 P.M. and head for a town 300 mi away. 
The rate of the car is twice the rate of the bus. The car arrives 5 h ahead 
of the bus. Find the rate of the car. 


384 mi SID 
27. Acar is traveling at a rate that is 36 mph faster than the rate of a matey? 
cyclist. The car travels 384 mi in the same time it takes the cyclist to nang ol 
travel 96 mi. Find the rate of the car. bat Ad 
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30. 
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32. 
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A backpacker hiking into a wilderness area walked 9 mi at a constant 
rate and then reduced this rate by 1 mph. Another 4 mi was hiked at 
this reduced rate. The time required to hike the 4 mi was 1 h less than 
the time required to walk the 9 mi. Find the rate at which the hiker 
walked the first 9 mi. 


A plane can fly 180 mph in calm air. Flying with the wind, the plane 
can fly 600 mi in the same amount of time it takes to fly 480 mi 
against the wind. Find the rate of the wind. 


A commercial jet can fly 550 mph in calm air. Traveling with the jet 
stream, the plane flew 2400 mi in the same amount of time it takes 
to fly 2000 mi against the jet stream. Find the rate of the jet stream. 


A cruise ship can sail at 28 mph in calm water. Sailing with the gulf 
current, the ship can sail 170 mi in the same amount of time that 
it can sail 110 mi against the gulf current. Find the rate of the gulf 
current. 


Rowing with the current of a river, a rowing team can row 25 mi in 
the same amount of time it takes to row 15 mi against the current. 
The rate of the rowing team in calm water is 20 mph. Find the rate 
of the current. 


On a recent trip, a trucker traveled 330 mi at a constant rate. Because 
of road construction, the trucker then had to reduce speed by 25 
mph. An additional 30 mi was traveled at the reduced rate. The total 
time for the entire trip was 7 h. Find the rate of the trucker for the 
first 330 mi. 


APPLYING THE CONCEPTS 


34. 


35. 


36. 


37. 


One pipe can fill-a tank in 2 h, a second pipe can fill the tank in 4 h, 
and a third pipe can fill the tank in 5 h. How long will it take to fill 
the tank with all three pipes working? 


A mason can construct a retaining wall in 10 h. The mason’s more- 
experienced apprentice can do the same job in 15 h. How long would 
it take the mason’s less-experienced apprentice to do the job if, work- 
ing together, all three can complete the job in 5 h? 


A surveyor traveled 32 mi by canoe and then hiked 4 mi. The rate of 
speed by boat was four times the rate on foot. If the time spent walk- 
ing was | h less than the time spent canoeing, find the amount of 
time spent traveling by canoe. 


Because of bad weather, a bus driver reduced the usual speed along 
a 150-mile bus route by 10 mph. The bus arrived only 30 min later 
than its usual arrival time. How fast does the bus usually travel? 


2400 mi 
550 +47 


——— 


2000 mi 


aaa <+—__ HF 


5507 
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| Focus on Problem Solving 


The sentence “George Washington was the first president of the United States” is 
a true sentence. The negation of that sentence is “George Washington was not 
the first president of the United States.” That sentence is false. In general, the 
negation of a true sentence is a false statement. 


The negation of a false sentence is a true sentence. For instance, the sentence 
“The moon is made of green cheese” is a false statement. The negation of that 
sentence, “The moon is not made of green cheese,” is true. 


The words all, no (or none), and some are called quantifiers. Writing the nega- 
tion of a sentence that contains these words requires special attention. Consider 
the sentence “All pets are dogs.” This sentence is not true because there are pets 
that are not dogs; cats, for example, are pets. Because the sentence is false, 
its negation must be true. You might be tempted to write “All pets are not dogs,” 
but that sentence is not true because some pets are dogs. The correct negation of 
“All pets are dogs” is “Some pets are not dogs.” Note the use of the word some in 
the negation. 


¢ 
Now consider the sentence “Some computers are portable.” Because that sen- 
tence is true, its negation must be false. Writing “Some computers are not 
portable” as the negation is not correct, because that sentence is true. The nega- 
tion of “Some computers are portable” is “No computers are portable.” 


The sentence “No flowers have red blooms” is false, because there is at least one 
flower (some roses, for example) that has red blooms. Because the sentence is 
false, its negation must be true. The negation is “Some flowers have red blooms.” 


Statement Negation 

All A are B. Some A are not B. 
NoA are B. Some A are B. 
Some A are B. No A are B. 

Some A are not B. All A are B. 


Write the negation of the sentence. 


1. All cats like milk. 2. All computers need people. 
3. Some trees are tall. 4. No politicians are honest. 

5. No houses have kitchens. 6. All police officers are tall. 

7. All lakes are not polluted. 8. Some drivers are unsafe. 

9. Some speeches are interesting. 10. All laws are good. 
11. All businesses are not profitable. 12. All motorcycles are not large. 
13. Some vegetables are good for 14. Some banks are not open 

you to eat. on Sunday. 
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A premise is a known or assumed fact. A premise can be stated using one of the 
quantifiers (all, no, none, or some) or can be stated using an /f... then sentence. 
For instance, the sentence “All triangles have three sides” can be written “/f the 
figure is a triangle, then it has three sides.” 


We can write the sentence “No whole numbers are negative numbers’ as an /}... 
then sentence: If a number is a whole number, then it is not a negative number. 


Write the sentence as an /f... then sentence. 


15. All students at Barlock College 16. All baseballs are round. 
must take a life science course. 


17. All computers need people. 18. All cats like milk. 

19. No odd number is evenly 20. No prime number greater than 
divisible by 2. 2 is an even number. 

21. No rectangles have five sides. 22. All roads lead to Rome. 

23. Ali dogs have fleas. 24. No triangle has four angles. 


| Projects and Group Activities 


Intensity of You are already aware that the standard unit of length in the metric system is the 
Iumination meter (m) and that the standard unit of mass in the metric system is the gram 
(g). You may not know that the standard unit of light intensity is the candela (ed). 


The rate at which light falls on a 1-square-unit area of surface is called the inten- 
sity of illumination. Intensity of illumination is measured in lumens (lm). A 
lumen is defined in the following illustration. 


Picture a source of light equal to 1 cd positioned at the center of a hol- 
low sphere that has a radius of 1 m. The rate at which light falls on 
ate 1 m’ of the inner surface of the sphere is equal to 1 Im. If a light source 
equal to 4 cd is positioned at the center of the sphere, each square 


meter of the inner surface receives four times as much illumination, 
or 4 Im. 


Light rays diverge as they leave a light source. The light that falls on an area of 
1 m* at a distance of 1 m from the source of light spreads out over an area of 
4 m* when it is 2 m from the source. The same light spreads out over an area 
of 9 m’ when it is 3 m from the light source and over an area of 16 m2 when it is 
4 m from the light source. Therefore, as a surface moves farther away from the 


source of light, the intensity of illumination on the surface decreases from its 
1 


2 1 2 
value at | m to (5) , Oz, that value at 2 m; to (4) , or > that value at 3 m; and 


16 
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The formula for the intensity of 
illumination is 


S 
2 
Point source 


CD 
of light Uy 


where J is the intensity of illumination in lumens, s is the strength of the light 
source in candelas, and r is the distance in meters between the light source and 
the illuminated surface. 


A 30-candela lamp is 0.5 m above a desk. Find the illumination on the desk. 


S 

se , 
30 

[= Osy~ 120 


The illumination on the desk is 120 Im. 


1. A 100-candela light is hanging 5 m above a floor. What is the intensity of the 
illumination on the floor beneath it? 


2. A 25-candela source of light is 2 m above a desk. Find the intensity of illumi- 
nation on the desk. 


3. How strong a light source is needed to cast 20 Im of light on a surface 4 m 
from the source? 


4. How strong a light source is needed to cast 80 Im of light on a surface 5 m 
from the source? 


5. How far from the desk surface must a 40-candela light source be positioned 
if the desired intensity of illumination is 10 lm? 


6. Find the distance between a 36-candela light source and a surface if the inten- 
sity of illumination on the surface is 0.01 Im. 


7. Two lights cast the same intensity of illumination on a wall. One light is 6 m 
from the wall and has a rating of 36 candelas. The second light is 8 m from 
the wall. Find the candela rating of the second light. 


8. A 40-candela light source and a 10-candela light source both throw the same 
intensity of illumination on a wall. The 10-candela light is 6 m from the wall. 
Find the distance from the 40-candela light to the wall. 
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| Chapter Summary 


Key Words A rational expression is a fraction in which the numerator or denominator is a 
polynomial. 


A rational expression is in simplest form when the numerator and denominator 
have no common factors. 


The reciprocal of a fraction is a fraction with the numerator and denominator 
interchanged. 


The least common multiple (LCM) of two or more numbers is the smallest num- 
ber that contains the prime factorization of each number. 


A complex fraction is a fraction whose numerator or denominator contains one 
or more fractions. 


A ratio is the quotient of two quantities that have the same unit. 

A rate is the quotient of two quantities that have different units. 

A proportion is an equation that states the equality of two ratios or rates. 
Similar triangles have the same shape but not necessarily the same size. 
A literal equation is an equation that contains more than one variable. 


A formula is a literal equation that states rules about measurement. 


Essential Rules To multiply rational numbers, multiply the numera- 


a'¢_ 

tors and multiply the denominators. b ad ia 

To divide two fractions, multiply the dividend by the ac adé e 
reciprocal of the divisor. hb. a hy ee 
To add fractions, write each fraction in terms of a com- ab artb 

mon denominator, then add the numerators. ra = 


To determine whether two triangles are similar, show that two angles of one 
triangle are equal to two angles of the other triangle. 


To solve an equation containing fractions, clear denominators by multiplying 
each side of the equation by the LCM of the denominators. 


Equation for Rate of time __ part of task 
Work Problems Work ~ worked — completed 
Uniform Motion Distance : 

Equation Wem wae 
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i 


a: 


13. 


. 


oa Cath’ — 120° 
Simplify: Dey ak 
16 
Simplify: ae 
3x = 4> BS 
aye — 72 
: ae LOK y” 
Simplify: Paxy” 
; tomil law 2ay + 12y 2 Ay ay 10 
Simplify: “Ga_ 5 18y? + 3y — 10 
1 
eS 
Simplify ae 


Solve T = 2(ab + bc + ca) fora. 


100m 
Solve i = a9 for c. 


40x? — 90x? 
12x? + 8x 


20x? — 45x . 
6x? + 4x? 


Simplify: 


De 


10. 


PF: 


14. 


16. 


5 3 AT 4 = Gd 
Simplify: ie heage 
x? +x— 30 


Simplify: eo, — 2 


8ab* _—_Sxy" 
15x*y  16a*b 


Simplify: 
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Write each fraction in terms of the LCM of 


the denominators. 
x 4x? 


ie te 3 Ox ie 


KG x 

ees + -= aa oS 

Solve aa Ds - 

x+8 5 
DOWe> 4 1 aor 

; ree sy 5 
Simplify: Sy 7 tae 
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17. 


19. 


Zas 


Zz: 


ZO: 


26. 


Page 


28. 


29. 
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5x + 3 3x + 4 


Simplify: 53,5, 3  2e+5x—3 


Solve 4x + 9y = 18 for y. 


Given MP and NQ intersect at O, NO mea- 
sures 25 cm, MO measures 6 cm, and PO 
measures 9 cm, find the length of QO. 


18. 


20. 


Zee 


24. 


Find the LCM of 10x?-—11x+3 and 
20x? — 17x + 3. 


Si li alan = AE IS 24x? + 7x —5 
implify: 52 40,415 4—27e + 182 


5x7 + 15x — 11 
x? — 3x — 10 


Boe fe 
Sys 


Simplify: ~— ; + 


One hose can fill a pool in 15 h. The second hose can fill the pool in 10 h. 
How long would it take to fill the pool using both hoses? 


A car travels 315 mi in the same amount of time that a bus travels 245 mi. 
The rate of the car is 10 mph faster than that of the bus. Find the rate of 


the car. 


The rate of a jet is 400 mph in calm air. Traveling with the wind, the jet can 
fly 2100 mi in the same amount of time it takes to fly 1900 mi against the 


wind. Find the rate of the wind. 


A pitcher's earned run average (ERA) is the average number of runs allowed 
in 9 innings of pitching. If a pitcher allows 15 runs in 100 innings, find the 


pitcher's ERA. 
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| Chapter Test 


5 


‘ Cone te 2D coos == 
1. Simplify: RE) ge ee 2. Solve the proportion: Sain, EE 
: eR rhe See = TIKES : oe, IGE 
3. Simplify: ECT Sar ae 4. Simplify: Paxty4 
5. Solved =s + rt fort. 6. Solve: . 321s ae 
7. Simplify: += 8. Find the LCM of 6x — 3 and 2x? +x — 1. 
p yy 1 = x2 
: ° 2 3 : a pen yaks 2 yee oO 
9. Simplify: Sete ee 10. Simplify: Serr rehome 
fo 
Simplify: atl 12. Write each fraction in terms of the LCM of 
11. pully ee 
a. the denominators. 
x 


; ayes 
cg Bi aah oe | 
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13. 


15. 


17. 


18. 


19. 


20. 
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Simplify: =~ = A 14. Solve 3x — 8y = 16 fory. 


= 110 i ae Se = 10) 


Mae ea eee ea 
Solve: a 3 7 16. Simplify: ear ey 
Given AE || BD, AB measures 5 ft, ED mea- C 
sures 8 ft, and BC measures 3 ft, find the 
length of CE. B D 


A saltwater solution is formed by mixing 4 lb of salt with 10 gal of water. 
At this rate, how many additional pounds of salt are required for 15 gal 
of water? 


A pool can be filled with one pipe in 6 h, whereas a second pipe requires 


12 h to fill the pool. How long would it take to fill the pool with both pipes 
turned on? 


A small plane can fly at 110 mph in calm air. Flying with the wind, the plane 
can fly 260 mi in the same amount of time it takes to fly 180 mi against the 
wind. Find the rate of the wind. 


A landscape architect uses three sprinklers for each 200 ft? of lawn. At this 
rate, how many sprinklers are needed for a 3600-square-foot lawn? 
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| Cumulative Review 


1. Simplify: (2) (3 2) + ; 22. po —a’ + (a—b) when a=-—2 and 
5S}, Sine ye (Ey he = Sy 45) Simplify22|3% el — 3) — 8] 

5. Solve: 4 — Sx = 7 6.5 Solve: 3l4 — 200 3) = 267 2y) 

7. Find 165% of 60. 8. Simplify: (@2b5)(ab?) 


15b* = 5b7 100 


9. Simplify: (a — 3b)(a + 4b) 10. Simplify: a 
A eeeSimnplity. (8) (a — 2) (2a Factor 21 ce at 
13. Factory? — 7y 4-6 14. Factor: 2a° + 7a? — 15a 
: 
15. Factor: 4b? — 100 16. Solve: (x + 3)(2x — 5) =0 
= 
z 
g i eg dee 18. Simplify: 7 = +12 
E 17. Simplify: 1829’ ; Dlilys= 35 as 
Z 
va 
6 
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F Vt ke OO nee ee lox AO : 7 ee 1 
19. Simplify: RRS?) IER 20. Simplify: emai OePE | 
1 2S 
ne ae 3x Belo 
21. Simplify: a ee 22. Solve: OG 2 ae; 


Pak 


23. 


26. 


Mile 


28. 


29: 


30. 
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: 2 
Solve the proportion: epee 


Translate “the difference between five times a number and thirteen is the 
opposite of eight” into an equation and solve. 


A silversmith mixes 60 g of an alloy that is 40% silver with 120 g of another 
silver alloy. The resulting alloy is 60% silver. Find the percent of silver in the 
120-gram alloy. 


The length of the base of a triangle is 2 in. less than twice the height. The 
area of the triangle is 30 in’. Find the base and height of the triangle. 


A life insurance policy costs $16 for every $1000 of coverage. At this rate, 
how much money would a policy of $5000 cost? 


One water pipe can fill a tank in 9 min, whereas a second pipe requires 
18 min to fill the tank. How long would it take both pipes, working 
together, to fill the tank? 


The rower of a boat can row at a rate of 5 mph in calm water. Rowing with 
the current, the boat travels 14 mi in the same amount of time it takes to 
travel 6 mi against the current. Find the rate of the current. 


24. Solve f=v + at fort. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Goh -A—P--T--E-R 


Broadcast technicians operate the electronic equipment 
used to record and transmit radio and television programs, 
and they help prepare movie soundtracks for production 
studios. They work with television cameras, microphones, 
tape recorders, light and sound effects, transmitters, 
antennas, and other equipment. These technicians must be 
able to read and interpret graphs such as those discussed in 
this chapter. 


Linear Equations in 
Two Variables 


Objectives 

Section 7.1 

To graph points in a rectangular coordinate 
system ’ 


To determine ordered-pair solutions of an 
equation in two variables 


To determine whether a set of ordered pairs is 
a function 


To evaluate a function written in functional 
notation 


Section 7.2 
To graph an equation of the form y = mx + b 
To graph an equation of the form 
Ax + By=C 
To solve application problems 


Section 7.3 
To find the x- and y-intercepts of a straight line 
To find the slope of a straight line 


To graph a line using the slope and the 
y-intercept 


Section 7.4 
To find the equation of a line given a point and 
the slope 


To find the equation of a line given two points 
To solve application problems 


Magic Squares 


A magic square is a square array of distinct 

integers so arranged that the numbers along 
any row, column, or main diagonal have the 
same sum. An example of a magic square is 

shown at the right. 


The oldest known example of a magic square comes from 
China. Estimates are that this magic square is over 4000 
years old. It is shown at the left. 


There is a simple way to produce a magic square with an 
odd number of cells. Start by writing a 1 in the top 
middle cell. The rule then is to proceed diagonally 
upward to the right with the successive integers. 


When the rule takes you outside the square, write the 
number by shifting either across the square from right to 
left or down the square from top to bottom, as the case 
may be. For example, in Figure B the second number (2) 
is outside the square above a column. Because the 2 is 
above a column, it should be shifted down to the bottom 
cell in that column. In Figure C, the 3 is outside the 
square to the right of a column and should therefore be 
shifted all the way to the left. 


If the rule takes you to a square that is already filled (as 
shown in Figure D), then write the number in the cell 
directly below the last number written. Continue until the 
entire square is filled. 


It is possible to begin a magic square with any integer 
and proceed by using the above rule and consecutive 
integers. 


For an odd magic square beginning with 1, the sum of a 


n(n? + 


: ; 1 : 
row, column, or diagonal is where n is the 


5 


number of rows. 


Pi 
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The Rectangular 
Coordinate System 


To graph points in a rectangular coordinate system. ................... ({23)) Gi 


Before the 15th century, geometry and algebra were considered separate 
branches of mathematics. That all changed when René Descartes, a French 
mathematician who lived from 1596 to 1650, founded analytic geometry. In this 
geometry, a coordinate system is used to study relationships between variables. 


A rectangular coordinate system is 


: ; Quadrant 51. Quadrant J 
formed by two number lines, one horizon- iat Oe soe ae 
tal and one vertical, that intersect at the hore OG ee 


zero point of each line. The point of inter- ais 2 AXIS“ Pio 
section is called the origin. The two lines er aN ea aw 


are called coordinate axes, or simply axes. oo 


ee ey) origin- come 
The axes determine a plane, which can be eho | : 
thought of as a large, flat sheet of paper. ee 
The two axes divide the plane into four Quadrant tit °| Quadrant 1V 


regions called quadrants, which are num- 
bered counterclockwise from I to IV. 


Each point in the plane can be identified by a pair of numbers called an 
ordered pair. The first number of the pair measures a horizontal distance 
and is called the abscissa. The second number of the pair measures a vertical 
distance and is called the ordinate. The coordinates of the point are the 
numbers in the ordered pair associated with the point. The abscissa is also 
called the first coordinate of the ordered pair, and the ordinate is also called 
the second coordinate of the ordered pair. 


Horizontal distance Taal = Vertical distance 


Ordered pair ——> (2, 3) 


Abscissa } { Ordinate 


To graph or plot a point in the plane, place a dot at the location given by the 
ordered pair. The graph of an ordered pair is the dot drawn at the coordinates 
of the point in the plane. The points whose coordinates are (3, 4) and (—2.5, —3) 
are graphed in the figures below. 


—4 
3: down 


(=2.5, 
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TAKE NOTE BEG Hm ses 
ae ; and (—1, 3) are graphed at the right. Note oa I Bg fa a 
ie Nay MED that the graphed points are in different iced we: 
ordered pair is a pair of ; I i ile ce eae 
coordinates, and the order in locations. The order of the coordinates of an Lugs aa 
which the coordinates appear ordered pair is important. tee: 2¢-4 


is important. 


Example 1 


Solution 


Example 2 


Solution 


Linear Equations in Two Variables 


The points whose coordinates are (3, —1) 


Each point in the plane is associated with 
an ordered pair, and each ordered pair is 
associated with a point in the plane. Al- 
though only the labels for integers are 
given on a coordinate grid, the graph of 
any ordered pair can be approximated. 
For example, the points whose coordinates 
are (—2.3, 4.1) and (z, 1) are shown on the 
graph at the right. 


Graph the ordered pairs You Try It1 Graph the ordered pairs 
a) a2) ee) 4,1) 6. —3) 70, 4), and 
and (3, 0). (—3, 0). 


Your solution 


Give the coordinates of the You Try It2 Give the coordinates of the 
points labeled A and B. points labeled A and B. Give 
Give the abscissa of point C the abscissa of point D and 
and the ordinate of point D. the ordinate of point C. 


The coordinates of A are (— 4, 2). Your solution 
The coordinates of B are (4, 4). 

The abscissa of C is —1. 

The ordinate of D is |. 


Solutions on p. S16 
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Objective B_ To determine ordered-pair solutions of an equation in 


LUALED RTL BS ea as oats cove brs shen eins Zasduins daknstanneedomees (23}) 


When drawing a rectangular coordinate system, we often label the horizontal 
axis x and the vertical axis y. In this case, the coordinate system is called an 
xy-coordinate system. The coordinates of the points are given by ordered 
pairs (x, y), where the abscissa is called the x-coordinate and the ordinate is 
called the y-coordinate. 


A coordinate system is used to study the relationship between two variables. 
Frequently this relationship is given by an equation. Examples of equations in 
two variables include 


y=2x -3 3x + 2y =6 x*>—-y=0 


A solution of an equation in two variables is an ordered pair (x, y) whose coor- 
dinates make the equation a true statement. 


m> Is (—3, 7) a solution of y = —2x + 1? 
Ve ites | 


fe 2 (=-3) ge © Replace x by —3; replace y by 7. 
6 : 


7=7 * The results are equal. 

(—3, 7) is a solution of the equation y = —2x + 1. 
Besides (—3, 7), there are many other ordered-pair solutions of y = —2x + 1. 
For example, (0, 1), (-3, 4), and (4, —7) are also solutions. In general, an equa- 


tion in two variables has an infinite number of solutions. By choosing any 
value of x and substituting that value into the equation, we can calculate a 
corresponding value of y. 


mp Find the ordered-pair solution of y = ex — 3 that corresponds to x = 6. 


SSS S) 

2 
= 3 9) So Replace x by 6. 
=4-3= © Simplify. 


The ordered-pair solution is (6, 1). 


The solutions of an equation in two variables can be graphed in an xy-coordinate 
system. 


mp Graph the ordered-pair solutions of y = —2x + 1 when x = —2, —1,0, 1, 
and 2. 


Use the values of x to determine ordered-pair solutions of the equation. It is 
convenient to record these in a table. 


x y= —25 + 1 y (x, y) * 

—2 22) al 5 (255) : 

= eka) Fl 3 (—1, 3) =4.|-2 [0 WAG 
0 —2(0) + 1 (0, 1) mint 
| —2(1) + 1 | Gla Ie) @ 
2 =2(2) + 1 3 | @, -3) 4 
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Example 3 You Try It 3 
Is (3, —2) a solution of 3x — 4y = 15? Is (—2, 4) a solution of x — 3y = —14? 


Solution Your solution 
3x — 4y = 15 


3(3) — 4(-2) | 15  « Replace x by 3 and y 
9+8 by —2. 


7/ S2 15 
No. (3, —2) is not a solution of 
3% — 4y = 15. 


Example 4 You Try It 4 
Graph the ordered-pair solutions of Graph the ordered-pair solutions of 
2x — 3y = 6 when x = —3, 0, 3, and 6. x + 2y = 4 when x = —4, —2, 0, and 2. 


Solution Your solution 
2x — 3y =6 ® Solve 2x — 3y = 6 for y. y 
ay — 2x46 ae tee 


2 
==x-2 
vee 


Replace x in y = ox v2 DY as, O75 sane 


6. For each value of x, determine the 
value of y. 


Solutions on pp. S16—S17 
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To determine whether a set of ordered pairs is a function ......... Toa) 


Discovering a relationship between two variables is an important task in the 
application of mathematics. Here are some examples. 


° Botanists study the relationship between the number of bushels of wheat 
yielded per acre and the amount of watering per acre. 

e Environmental scientists study the relationship between the incidents of skin 
cancer and the amount of ozone in the atmosphere. 

¢ Business analysts study the relationship between the price of a product and 
the number of products that are sold at that price. 


Each of these relationships can be described by a set of ordered pairs. 


Definition of a Relation 


A relation is any set of ordered pairs. 


The following table shows the number of hours that each of 9 students spent 
studying for a midterm exam and the grade that each of these 9 students 
received. 


Hours 3 35 pa KS) 4 4 4.5 3 Z0 5 
Grade 78 Vis: 70 65 85 85 80 75 90 


This information can be written as the relation 
(S78) B52 75) 75; 70) 72 165), (4, 85)) (415? 85) 7G; 80); (2.5, 75),,(5, 90)} 


where the first coordinate of the ordered pair is the hours spent studying and the 
second coordinate is the score on the midterm. 


The domain of a relation is the set of first coordinates of the ordered pairs; the 
range is the set of second coordinates. For the relation above, 


Domain = {2, 2.5, 2.75, 3, 3.5, 4, 4.5, 5} Range = {65, 70, 75, 78, 80, 85, 90} 


The graph of a relation is the graph of the 
ordered pairs that belong to the relation. The 
graph of the relation given above is shown at 
the right. The horizontal axis represents the 
hours spent studying (the domain); the vertical 
axis represents the test score (the range). The 
axes could be labeled H for hours studied and S 
for test score. 


Score 


tal die Sek Beas Nee a) 


Hours 


A function is a special type of relation for which no two ordered pairs have the 
same first coordinate. 


Definition of a Function 


A function is a relation in which no two ordered pairs that have 


the same first coordinate have different second coordinates. 


320 Chapter 7 / Linear Equations in Two Variables 


The table at the right is the grading scale for a 100-point Score... _-Grade_ 
test. This table defines a relationship between the score 90-100 gaat 
on the test and a letter grade. Some of the ordered pairs of 80-89 Dig eke 
this function are (78, C), (97, A), (84, B), and (82, B). 70-79 Gs 
60-69 D 
0-59 F 


The grading-scale table defines a function, because no two ordered pairs can 
have the same first coordinate and different second coordinates. For instance, it 
is not possible to have the ordered pairs (72, C), and (72, B)—same first coordi- 
nate (test score) but different second coordinate (test grade). The domain of this 
function is {0, 1, 2,..., 99, 100}. The range is {A, B, C, D, F }. 


The example of hours spent studying and test score given earlier is not a func- 
tion, because (3, 78) and (3, 80) are ordered pairs of the relation that have the 
same first coordinate but different second coordinates. 


Consider, again, the grading-scale example. Note that (84, B) and (82, B) are 
ordered pairs of the function. Ordered pairs of a function may have the same 
second coordinates but not the same first coordinates. 


Although relations and functions are given by tables, they are frequently given 
by an equation in two variables. 


The equation y = 2x expresses the relationship between a number, x, and 
twice the number, y. For instance, if x = 3, then y = 6, which is twice 3. To 
indicate exactly which ordered pairs are determined by the equation, the do- 
main (values of x) is specified. If x € {—2, —1, 0, 1, 2}, then the ordered pairs 
determined by’ the equation are {(-—2, —4), (1, =2), (0,0), G; 2), (@)4))- This 
relation is a function because no two ordered pairs have the same first 


coordinate. 
The graph of the function y = 2x with domain » 
{—2, —1, 0, 1, 2} is shown at the right. The hori- 4 e 


zontal axis (domain) is labeled x; the vertical axis 
(range) is labeled y. 


The domain {—2, —1,0; 1,2} was’ chosen arbi- A Olea 
trarily. Other domains could have been selected. e 

The type of application usually influences the 

choice of the domain. Cine 


For the equation y = 2x, we say that “y is a function of x” because the set of 
ordered pairs is a function. 


Not all equations, however, define a function. For instance, the equation 
|y| =x + 2 does not define y as a function of x. The ordered pairs (2, 4) and 
(2, —4) both satisfy the equation. Thus there are two ordered pairs with the same 
first coordinate but different second coordinates. 
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Example 5 

The number of gold medals earned by 
several countries during the 1992 and 1996 
Olympic Summer Games are recorded in 
the following table. 


Country 1992 
Ganacaimtigy 306 
China 257" 16 
Neabyang? gis sity 1G 
France | 8 
Germany 33 


1996 


Write a relation where the first coordinate is 


the number of gold medals earned in 1992 
and the second coordinate is the number 
earned in 1996. Is the relation a function? 


Solution 


{(37, 44), (6, 3), (16, 16), (6, 13), (8, 15), (33, 20)} 


No. The relation is not a function. The two 
ordered pairs (6, 3) and (6, 13) have the 
same first coordinate but different second 
coordinates. 


Example 6 
Does y = x” + 3, where x € {—2, —1, 1, 3} 
define y as a function of x? 


Solution 

Determine the ordered pairs defined by the 
equation. Replace x in y = x* + 3 by the 
given values and solve for y. 


(G2. D; (=a Be 4), GE 4), (3, 12)} 


No two ordered pairs have the same first 
coordinate. Therefore, the relation is a 


function and the equation y = x* + 3 defines 


y as a function of x. 


Note that (—1, 4) and (1, 4) are ordered pairs 


that belong to this function. Ordered pairs 
of a function may have the same second 
coordinates but not the same first 
coordinates. 
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You Try It 5 

Five students decided to go on a diet and 
fitness program over the summer. Their 
weights (in pounds) at the beginning and 
end of the program are given in the table 
below. 


Beginning — End 
145 140 
140 125 
150 130 
165 150 
140 130 
165 160 


Write a relation where the first coordinate is 
the weight at the beginning of the summer 
and the second coordinate is the weight at 
the end of the summer. Is the relation a 
function? 4 


Your solution 


You Try It 6 
Does y = sk + 1, where x € {-4, 0, 2}, 
define y as a function of x? 


Your solution 


321 


Solutions on p. S17 
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Chapter 7 / Linear Equations in Two Variables 


Objective D To evaluate a function written in functional notation .............-.-. {24} ) 


Example 7 


When an equation defines y as a function of x, functional notation is frequently 
used to emphasize that the relation is a function. In this case, it is common to 
use the notation f(x), where 


f(x) is read “f of x” or “the value of f at x.” 


For instance, the equation y = x” + 3 from Example 6 defined y as a function 
of x. The equation can also be written in functional notation as 


f(x) =x? +3 
where y has been replaced by f(x). 


The symbol f(x) is called the value of the function at x because it is the result 
of evaluating a variable expression. For instance, f(4) means to replace x by 4 and 
then simplify the resulting numerical expression. 


{{o)=223 
f4)=4 + 3 e Replace x by 4. 
= Oa 3 = iy 


This process is called evaluating the function. 


=> Given f(x) = x” + x — 3, find f(—2). 
fx) =x +x-3 
2) AP a) = 3 e Replace x by —2. 
=4-2-3=-1 


In this example, f(—2) is the second coordinate of an ordered pair of the func- 
tion; the first coordinate is —2. Therefore, an ordered pair of this function is 
(—2, f(—2)), which simplifies to (—2, —1). 


For the function given by y = f(x) =x* +x — 3, y is called the dependent 
variable because its value depends on the value of x. The independent variable 


HSH 


Functions can be written using other letters or even combinations of letters. For 
instance, some calculators use ABS(x) for the absolute-value function. Thus the 
equation y = |x| would be written ABS(x) = |x|, where ABS(x) replaces y. 


You Try It 7 


Given G() = 4, find G(1). Given H(x) = —*., find H(8). 


Solution 


56 


Your solution 


© Replace fby 1. Then simplify. 


Solution on p. S17 
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7.1 Exercises 


Objective A 
1. Graph (—2,.1),.3, —5), ZamGraphi(5,.— 1) (3-3) 3. Graph (0, 0), (0, —5), 


(—2, 4), and (0, 3). (—1, O) Randi): (=35,0),andi (OFZ). 


4. Graph (—4, 5), (—3, 1), 


6:= GraphniG)2)9(@ 44-1), 
(3, —4), and (5, 0). ; 


(0, 0), and (0, 3) 


7. Find the coordinates of 8. Find the coordinates of 9. Find the coordinates of 
each of the points. each of the points. each of the points. 


10. Find the coordinates of 11. a. Name the abscissas 12. a. Name the abscissas 
each of the points. of points A and C. of points A and C. 
b. Name the ordinates b. Name the ordinates 


of points B and D. of points B and D. 


| 
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Objective B 
13. Is (3, 4) a solution of y = —x + 7? 14. Is (2, —3) a solution of y =x + 52 
15. Is (—1, 2) a solution of y = se — |? 16. Is (1, —3) asolution of y = —2x — 1? 
17. Is (4, 1) a solution of 2x — 5y = 4? 18. Is (—5, 3) a solution of 3x — 2y = 9? 
19. Is (0, 4) a solution of 3x — 4y = —4? 20. Is (—2, 0) a solution of x + 2y = —1? 


Graph the ordered-pair solutions of each equation for the given values of x. 


Pas PB ads NN I 22 Vee 2h ie a eee 


1 
26. Ya ae re 


2x 3yi—= 63% = —3,0)3 


32) %=7=2y = 0: = 0 
u . y 
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Objective C 


The table below records the runs scored by the New York Yankees for 
the six games of the 1996 World Series and whether the Yankees won, 
W, or lost, L, the game. Write a relation where the first coordinate is the 
runs scored and the second coordinate is a win or a loss. Is the relation 


a function? 
i oredr POs 5) 8 1 3 
gWorortost a) Le) Bye ne Was WwW Ww Ww 


The table below records the goals scored by the Mighty Ducks hockey 
team for six games of the 1996-97 season and whether the Mighty 
Ducks won, W, tied, T, or lost, L, the game. Write a relation where the 
first coordinate is the goals scored and the second coordinate is a win, 
tie, or loss. Is the relation a function? 


Goals scored 3 4 1 3 5 1 

Won, lost, or tied VE WwW W if fe Ww 

The number of sunny days in a year in five dif- Sunny Days 4-Bedroom — 
ferent cities and the average cost of a four bed- _ City Annually House Cost 
room house (in thousands of dollars) in those Nashua, NH {ozs 125 
cities is given in the table to the right. Write a portsmouth, NH 205 122 
relation where the first coordinate is the num- San Jose, CA a57 . 498 
ber of sunny days annually, and the second Jacksonville, FL 226 108 
coordinate is the cost of a house. Is the relation Manchester, NH 205 150 = 


Phe 2) 
a function: Source: Money Magazine, July, 1997 


The budgets (in millions of dollars) for several Afeoe Budget — Gross Sales 
movies and the gross ticket sales (in millions of 

aah bl Hoe oe Seven 30) 93 
dollars) are recorded in t e table to the right. Ronliouia 62 172 
Write a relation where the first coordinate is the Nie 30 15 
budget and the second coordinate is the gross Toy Story 50 200 
sales. Is the relation a function? Batman Forever 100. 184 
Does y = —2x — 3, where S828 Doesmyi— 2s, wheres C12, lal 4,, 
x € {—2, —1,0, 3}, define y as a function define y as a function of x? 
of x? 


39. Does ly | =x -— 1 where x € {I, 2, 3, 4}, 40. Does ly | =x +2 where x € {-2, —1,0, 3}, 
define y as a function of x? define y as a function of x? 


Al. Does y =x’, where xe {—2, —1, 0, 1, 2}, 42. Does y =x? — 1, where x € {—2, —1, 0, 1, 2}, 
define y as a function of x? define y as a function of x? 


NMA R MAYAN OPA SR INTER Le Oh De Ee 
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43. 


45. 


47. 


49. 


Si: 


53. 


55. 


Objective D 


Given f(x) = 3x — 4, find f(4). 
Given f(x) = x’, find f(3). 


Given G(x) = x” + x, find G(—2). 


Given s(t) = =, fimd's(—2). 


Given h(x) = 3x? — 2x + 1, find h(3). 


Given f(x) = ——, find f(—3). 


x+5’ 


Given g(x) = x? — x” + 2x — 7, find g(0). 


APPLYING THE CONCEPTS 


RISES pe Ser EON Ot TC EnE RSM EMMOTT weg OER ELS REELS ENRT SCE CT exes cerert ere 
Se Tere aided enenunmras arn J fur Calor ent Aeneas nest Ian Lanne gues Rone era 


Suppose you are helping a student who is having trouble graphing 
ordered pairs. The work of the student is at the right. What can you say 
to this student to correct the error that is being made? 


Write a few sentences that describe the similarities and differences 


between relations and functions. 


The graph of y* = x, where x € {0, 1, 4, 9}, is shown at the right. Is this 
the graph of a function? Explain your answer. 


Is it possible to evaluate f(x) = oF when x = 1? If so, what is f(1)? If 


not, explain why not. 


44. 


46. 


48. 


50. 


SPs. 


54. 


56. 


Given f(x) = 5x + 1, find f(2). 
Given f(x) = x” — 1, find f(1). 


Given H(x) = x’ — x, find H(—2). 


Given P(x) = <>} find P(—2). 


Given O(r) = 4r — r — 3, find Q(2). 


Given v(t) = ae find v(3). 


Given F(z) = ae find F(0). 
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Linear Equations in Two Variables 
To graph an equation of the form y = MX + D vieccccccccecceceeeeseeee (23}) cr 


The graph of an equation in two variables is a graph of the ordered-pair solu- 
tions of the equation. 


Consider y= 2* +1. Choosing x = —2, ae || (eesai) 
—1, 0, 1, and 2 and determining the corre- Aeayjer il) (es =) 
sponding values of y produces some of the _ ; Ses i) All| (a Sp) 
ordered pairs of the equation. These are 0 DOr 1 On) 
recorded in the table at the right. See the 1 NG) $29) Geo) 
graph of the ordered pairs in Figure 1. 2 HONEA 5! (2,5) 


Choosing values of x that are not integers produces more ordered pairs to 
graph, such as (-3, -4) and (3 4), as shown in Figure 2. Choosing still other 


values of x would result in more and more ordered pairs being graphed. The 
result would be so many dots that the graph would appear as the straight line 
shown in Figure 3, which is the graph of y = 2x + 1. 


Figure 1 Figure 3 


Equations in two variables have characteristic graphs. The equation y = 2x + 1 
is an example of a linear equation, or linear function, because its graph is a 
straight line. It is also called a first-degree equation in two variables because the 
exponent on each variable is the first power. 


Linear Equation in Two Variables 


Any equation of the form y = mx + b, where mand bare 
constants, is a linear equation in two variables or a first-degree 


equation in two variables. The graph of a linear equation in two 
variables is a straight line. 


Examples of linear equations are y=2x+1 (m = 2,b = 1) 
shown at the right. These equations y=x-4 (m = 1, b = —4) 
represent linear functions because 3 3 

there is only one possible y for each x. aaa eee (m sive b= 0) 


Note that for y = 3 — 2x, m is the 
coefficient of x and b is the constant. y=3-2x (m = —2, b = 3) 


The equation y = x* + 4x + 3 is not a linear equation in two variables because 


there is a term with a variable squared. The equation y = 


3 ‘ 
438 not a linear 


equation because a variable occurs in the denominator of a fraction. 
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POINT OF INTEREST To graph a linear equation, choose some values of x and then find the corre- 
sponding values of y. Because a straight line is determined by two points, it is 


The giroiee's and Group sufficient to find only two ordered-pair solutions. However, it is recommended 


Activities” at the end of this 


chapter contains information that at least three ordered-pair solutions be used to ensure accuracy. 
on using calculators to graph 2 
an equation. => Graph y = =a tan Dh 
This is a linear equation with m = + and b = 2. Find at least three solutions. 


Because m is a fraction, choose values of x that will simplify the calculations. 
We have chosen ~ 2, 0, and 4 for x. (Any values of x could have been selected.) 


3 
x ye ae y (x, y) 
3 
=) Sao)? Shel ieee) 
3 ; 
0 10) 2 2a | sexed) 
: | 
4 BailAlntee -4 | 4,-4) 


The graph of y = Sx + 2 is shown at 
the right. 


Remember that a graph is a drawing of the ordered-pair solutions of the equa- 
tion. Therefore, every point on the graph is a solution of the equation, and every 
solution of the equation is a point on the graph. 


The graph at the right is the graph of 
y =x + 2. Note that (—4, —2) and (1, 3) 
are points on the graph and that these 
points are solutions of y =x + 2. The 
point whose coordinates are (4, 1) is not 

_a point on the graph and is not a solu- 
tion of the equation. 


Example 1 : You Try It1. = Graph y = 3x + 1. 


Solution oe ee Your solution 


Solution on p. S17 
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Example 2 Graph y = 2x. You TryIt2 Graph y = —2kx. 


SOMMUONG pacmogt 2 ee td. Your solution 


Example 3 You Try It3) Graph y = 3t =O: 


Solution sss Your solution 


Objective B_ To graph an equation of the form Ax + By = C un... ({23)) 


The equation Ax + By=C, where 2x+ 3y=6 (A=2,B=3,C = 6) 

A, B, and C are constants, is alsoa x-—2y=—-4 (A=1,B=—2,C =—A4) 
linear equation. Examples of these 2x +y=0 (A=2,B=1,C=0) 
equations are shown at the right. 4x-5y=2 (A=4,B8=—5,C=2) 


To graph an equation of the form Ax + By =C, first solve the equation for y. 
Then follow the same procedure used for graphing y = mx + b. 


«i Graph 3x + 4y = 12. 


3x Ay — 12 ® Solve for y. 
AVES Sy oo ol Wa ® Subtract 3x from each side of the equation. 
3 
SRS ave a3 ® Divide each side of the equation by 4. 

Ke ey ® Find 3 ordered-pair solutions of the equation. 

Oe 8) 

4| 0 
—4| 6 


® Graph the ordered pairs and then draw a 
line through the points. 
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The graph of a linear equation with one of the variables missing is either a hor- 
izontal or a vertical line. 


The equation y = 2 could be written 0-x + y = 2. Because 0-x =0 for any 
value of x, the value of y is always 2 no matter what value of x is chosen. For 
instance, replace x by —4, —1, 0, or 3. In each case, y = 2. 


Ox +y=2 
VEAary —2 (—4, 2) is a solution. 
O(-1) + y = 2 (—1, 2) is a solution. 
VO)Fay=2 (0, 2) is a solution. 
0B)eEy =2 (3, 2) is a solution. 


The solutions are plotted in the graph to the right, 
and a line is drawn through the plotted points. Note 
that the line is horizontal. 


Graph of a Horizontal Line 


The graph of y = bis a horizontal line passing through (0, b). 


The equation x = —2 could be written x + 0-y = —2. 
Because 0 - y = 0 for any value of y, the value of x is 
always —2 no matter what value of y is chosen. For 
instance, replace y by —2;0,2, or=3..In each: case; 


KS 2, 
x+0y=- 
eG 2) = — 2 (—2) —2)4is.a Solution: 
x + 0(0) = —2 (— 2, 0) is a solution. 
i102) = 2 (—2, 2) is a solution. 
x + 0G) =—-2 (— 2, 3) is a solution. 


The solutions are plotted in the graph at the right, and 
a line is drawn through the plotted points. Note that 
the line is vertical. 


Graph of a Vertical Line 


The graph of x = ais a vertical line passing through (a, 0). 


=» Graph x = —3 and y = 2 on the same coordinate grid. 


® The graph of x = —3 is a vertical line passing through 
(—3, 0). 


° The graph of y = 2 is a horizontal line passing through (0, 2). 
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Example 4 Graph 2x — S5y = 10. 


Solution 
2x — 5y = 10 
OY ee rs) 


Example5 Graph x + 2y = 6. 
Solution 


S74 
4 


Example 6 Graph y = —2. 


Solution 

The graph of an equation of the form 

y = bisa horizontal line passing through 
the point (0, b). 


Example 7 Graph x = 3. 


Solution 
The graph of an equation of the form 
x =a isa vertical line passing through 
the point (a, 0). 

oy, 
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You Try It4 Graph 5x — 2y = 10. 


Your solution 


You Try It 5 


Your solution 


You Try It6 Graph y = 3. 


Your solution 


You Try It 7 


Your solution 


331 


Solutions on p. S17 
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Objective C_ To solve application problems ............ccccccceccseceeeetit tere cnnecnenteces €) | 


There are a variety of applications of linear functions. 


= Solve: An installer of marble kitchen countertops charges $250 plus $180 per 
foot of countertop. The equation that describes the total cost, C, to have x feet 
of countertop installed is C = 180x + 250. 


a. Graph this equation for 0 = x < 25. (Note: In many applications, the 
domain of the variable is given so that the equation makes sense. For 
instance, it would not be sensible to have values of x that are less than 0. 
This would mean negative countertop! The choice of 25 is somewhat arbi- 
trary, but most kitchens have less than 25 ft of counter space.) 


b. The point whose coordinates are (8, 1690) is on the graph. Write a sentence 
that describes this ordered pair. 


Solution 
a. Cenmane thie... ® Choosing x = 0, 5, and 10, you find that the 
= Re Oe : corresponding ordered pairs are (0, 250), 
S j (5, 1150), and (10, 2050). Plot these points 
o 3000 : 
se Eee and draw a line through them. 
S 2000 fof 
& rel AS? 
SO 1000} 
(0, 250) # 


pes eee 
SPOS 2025 
Feet 


b. The point whose coordinates are (8, 1690) means that 8 ft of countertop 
costs $1690 to install. 


Example 8 You Try It 8 

A local car dealer is advertising a 2-year A car is traveling at a uniform speed of 
lease for a new Honda Civic. The upfront 40 mph. The distance, d, the car travels in 
cost is $3000 with a monthly lease payment t hours is given by d = 40t. Graph this 

of $150. The total cost, C, after x months of equation for 0 = t <5. The point whose 
the lease is given by C = 150x + 3000. coordinates are (3, 120) is on the graph. 
Graph this equation for 0 = x = 24. The Write a sentence that describes this 

point whose coordinates are (18, 5700) is on ordered pair. 

the graph. Write a sentence that describes 

this ordered pair. 


Solution Your solution 
ae. a The ordered pair 
(is S760) (18, 5700) means 
ae that the total cost 
of the lease 
payments for 18 
months is $5700. 


Total Cost 
Distance (in miles) 


10 20 
Months 


25 35425 


Time (in hours) 


Solution on p. S17 
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- 


| 7.2 Exercises ; 
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MB 13. y=x-3 14. 


Objective B 
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ZO 3X — ly —S Zhe lk SY = AO 


3x + 4y = 12 


4x — 3y = 12 
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Objective C Application Problems 


37. A rescue helicopter is rushing at a constant speed of 150 mph to reach 

A several people stranded in the ocean 11 mi away after their boat sank. 
The rescuers can determine how far they are from the victims using the 
equation D = 11 — 2.5t, where D is the distance in miles and ¢ is the 
time elapsed in minutes. Graph this equation for 0 = t = 4. The point 
(3, 3.5) is on the graph. Write a sentence that describes the meaning of 
this ordered pair. 


Miles 


38. A custom-illustrated sign or banner can be commissioned for a cost of 

Y $25 for the material and $10.50 per square foot for the artwork. The 
equation that represents this cost is given by y = 10.50x + 25, where y 
is the cost and x is the number of square feet in the sign. Graph this 
equation for 0 < x < 20. The point (15, 182.5) is on the graph. Write a 
sentence that describes the meaning of this ordered pair. 


Cost 


39. According to some veterinarians, the age, x, of a dog can be translated 

A to “human years” by using the equation H = 4x + 16, where H is the 
human equivalent age for the dog. Graph this equation for 2 = x = 21. 
The point whose coordinates are (6, 40) is on this graph. Write a sen- 
tence that explains the meaning of this ordered pair. 


Human age 


40. One projection for the total value, V, of stocks that will be bought and 

VA sold over the internet for the years 1997 through 2002 is given by the 
equation V = 380x + 300, where 0 =x <5 and 0 corresponds to the 
year 1997. Graph the equation. The point whose coordinates are 
(3, 1440) is on the graph. Write a sentence that describes the meaning 
of this ordered pair. 


Value (in millions of $) 


Reerrer Sn 
APPLYING THE CONCEPTS 


41. For the equation y = 3x + 2, when the value of x changes from 1 to 2, 
does the value of y increase or decrease? What is the change in y? Sup- 
pose that the value of x changes from 13 to 14. What is the change in y? 


42. For the equation y = —2x + 1, when the value of x changes from 1 to 2, 
does the value of y increase or decrease? What is the change in y? Sup- 
pose the value of x changes from 13 to 14. What is the change in y? 


43. Graph y = 2x — 2, y = 2x, and y = 2x + 3 in the first coordinate system 
at the right. What observation can you make about the graphs? 


Ss 


Graph y =x + 3,y = 2x + 3, and y= —3x + 3 in the second coordi- 


nate system at the right. What observation can you make about the 
graphs? 


SS SS ——— SE ere ees ae ah Petes == 
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Objective A_ To find the x- and y-intercepts of a straight line€ ...........00:cc00c0000+- ({25)) 


TAKE NOTE 


To find the x-intercept, let 
y = 0. To find the y-intercept, 


let x = 0. 


Example 1 


Solution 
x-intercept: 
x—-2y=4 
x — 2(0)=4 
x=4 
(4, 0) 


y-intercept: 

x—2y=4 

0 — 2y 
—2y 


vie 
(Oy—2) 


Find the x- and y-intercepts 
for x — 2y = 4. Graph the line. 


Section 7.3 / Intercepts and Slopes of Straight Lines 337 


Intercepts and Slopes of 
Straight Lines 


The graph of the equation 2x + 3y = 6 is shown 
at the right. The graph crosses the x-axis at the 
point (3, 0). This point is called the x-intercept. 
The graph also crosses the y-axis at the point 
(0, 2). This point is called the y-intercept. 


i 35 x-intercept 


= Find the x-intercept and the y-intercept 
of the graph of the equation 2x — 3y = 12. 


To find the y-intercept, let x = 0. 
(Any point on the y-axis has 
x-coordinate 0.) 


To find the x-intercept, let y = 0. 
(Any point on the x-axis has 
y-coordinate 0.) 


2x — 3y = 12 2% — Sy 124 
2x — 3(0) = 12 2(0) — 3y = 12 
2x = 12 —3y =i 2 
X16 y= 


The x-intercept is (6, 0). The y-intercept is (0, —4). 


= Find the y-intercept of y = 3x + 4. 
y = 3x +4=3(0)+4=4 ® Let x = 0. 

The y-intercept is (0, 4). 

For any equation of the form y = mx + b, the y-intercept is (0, b). 


Some linear equations can be graphed by finding the x- and y-intercepts and then 
drawing a line through these two points. 


Find the x- and y-intercepts 
for y = 2x — 4. Graph the line. 


You Try It 1 


Your solution 


Solution on p. S18 
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Objective B’_ To find the slope of a straight HiM€ .......::cccsccccccssscettteeeeennenenees 


The graphs of y=ixtl and y= 2x +1 are 


shown in Figure 1. Each graph crosses the y-axis 
at the point (0, 1), but the graphs have different 
slants. The slope of a line is a measure of the 
slant of a line. The symbol for slope is m. 


Figure 2 


The slope of a line containing two points is the 
ratio of the change in the y values of the two 
points to the change in the x values. The line 
containing the points (—2,—3) and (6,1) is 
graphed in Figure 2. The change in the y values is 
the difference between the two ordinates. 


Change in y = 1 — (—3) =4 


The change in the x values is the difference be- y 


Fi 3 
tween the two abscissas (Figure 3). ed 
Change in x = 6 — (-2) =8 


changeiny _ 4 1 


Slope = m = 


change in x 8 2 


Slope Formula 


If Px(%, 41) and P,( x2, y2) are two points on 


yan 
X2 a XxX 
(Figure 4). If x; = x2, the slope is undefined. 


a line and x, # x,, then m = 


=» Find the slope of the line containing the points (—1, 1) and (2, 3). 
Let P; be (—1, 1) and P, be (2, 3). Then, 


x, = —-1,¥1 = 1, x) = 2, and y, = 3. 
7 ee 3 ail _2 
rey me ap eA (ib) 8) 
TAKE NOTE ee 
The slope is x 
Positive slope means that the , ; ; 
value of y increases as the A line that slants upward to the right 
value of x increases. always has a positive slope. 


 octive doe ‘ce 
Note that you obtain the same results if the points are named oppositely. Let 
P, be (2, 3) and P, be (—1, 1). Then x, = 2, Vil 3) 475 andl 
iy a ee ics eae 
es — oh) =| == 9) == 3 3 


The slope is =. 


Therefore, it does not matter which point is named P, and which P,; the slope 
remains the same. 
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TAKE NOTE =» Find the slope of the line containing the points (—3, 4) and (2, —2). 
Negative slope means that the Let P, be (—3, 4) and P, be (2, ~2). 

value of y decreases as x 

increases. Compare this to it 

positive slope. ; ee Vues 1S lye: —2—4 = TAY a 6 


5 ee (SS) 5 5 


The slope is -2. 


A line that slants downward to the 
right always has a negative slope. a hee 


»» Find the slope of the line containing the points (—1, 3) and (4, 3). 
Let P,; be (—1, 3) and P2 be (4, 3). 


The slope is 0. ¢ 


A horizontal line has zero slope. Zero slope 


=» Find the slope of the line containing the points (2, —2) and (2, 4). 
Let P,; be (2, —2) and P, be (2, 4). 


SSSA Ae a2) O96 


Lh re > oe ae Division by zero 
a | i 0 is not defined. 


The slope of a vertical line is undefined. 


Undefined 


There are many applications of the concept of slope. Here are two possibilities. 


In 1988, when Florence Griffith-Joyner set the 
world record for the 100-meter dash, her average 
rate of speed was approximately 9.5 meters per 
second. The graph at the right shows the dis- 
tance she ran during her record-setting run. 
From the graph, note that after 4 s she had trav- 
eled 38 m and that after 6 s she had traveled 
57 m. The slope of the line between these two 


points is 


Meters 


Seconds 


5738 19 
. es 0,5 
eae a 2 


Note that the slope of the line is the same as the 
rate she was running, 9.5 meters per second. The 
average speed of an object is related to slope. 
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Here is an example of slope taken from eco- 


nomics. According to the Department of Com- E sais 

merce, from 1987 to 1994, U.S. exports of See 

goods to other countries increased at a rate of © 

approximately $2.5 billion per year. The graph Si 20s eee 
at the right shows the value of exports for each Aes 


year. From the graph, we learn that in 1988 
exports were $27 billion, and in 1992 exports '88 
were $37 billion. The slope of the line between 

these two points is 


90 92 (94 


B77 10 
eee (8 ese ey 
US TOG ORR eA 2 


Observe that the slope of the line is the same 
as the rate at which exports increased, $2.5 bil- 
lion per year. 


In general, any quantity that is expressed by using the word per is represented 
mathematically as slope. In the first example, slope was 9.5 meters per second; 
in the second example, slope was $2.5 billion per year. 


Example 2 
Find the slope of the line containing the 


points with coordinates (—2, —3) and (3, 4). 


Solution 
Let P; = (—2, —3) and P, = @, 4). 
Viva ee 4 (5 3) aes, 


Se FSFE 
The slope is 2 . 


Example 3 
Find the slope of the line containing the 


points with coordinates (—1, 4) and (—1, 0). 


Solution 
Let P; = (—1, 4) and P, = (—1, 0). 


0 ghee 
ile (SA) py peth) 
The slope is undefined. 


EY tae 2) 


X2— X1 


You Try It 2 
Find the slope of the line containing the 
points with coordinates (—3, 8) and (1, 4). 


Your solution 


You Try It 3 
Find the slope of the line containing the 
points with coordinates (—1, 2) and (4, 2). 


Your solution 


Solutions on p. S18 | 


Copyright © Houghton Mifflin Company. All rights reserved. 


Section 7.3 / Intercepts and Slopes of Straight Lines 341 


Example 4 You Try It 4 

The graph below shows the height of a plane The graph below shows the approximate 
above an airport during its 30-minute decline in the value of a used car over a 
descent from cruising altitude to landing. five-year period. Find the slope of the line. 
Find the slope of the line. Write a sentence Write a sentence that states the meaning of 
that explains the meaning of the slope. the slope. 


Solution Your solution 


__ 5000 — 20,000 _ -15,000 
25 — 10 15 


Value of car 


= —1000 


Distance (in 1000 ft) 


: eE A slope of —1000 means 

10 20 3 that the height of the 

HEED CNS) plane is decreasing at Years old 
the rate of 1000 ft/min. 


Solution on p. S18 } 


Objective C_ To graph a line using the slope and the y-intercept., .................... ({25}) 


The graph of the equation y = Sx + 1 is shown at 


the right. The points (—3, —1) and (3, 3) are on the 
graph. The slope of the line between the two points is 
peat Ee 


i ey eta & 
Observe that the slope of the line is the coefficient of 


x in the equation y = ox + 1. Also recall that the 


y-intercept is (0, 1), where 1 is the constant term of 
the equation. 


Slope-Intercept Equation of a Line 


An equation of the form y = mx + bis called the slope-intercept 
form of a straight line. The slope of the line is m, the coefficient 


of x. The y-intercept is (0, b), where bis the constant term of 
the equation. 


The following equations are written in slope-intercept form. 


y=2x—-3 Slope = 2; y-intercept = (0, —3) 


y= —x + 2 Slope = —1(—x = —1x); y-intercept = (0, 2) 


1 1 
y= 5 Slope = (3 = ix); y-intercept = (0, 0) 


When an equation of a straight line is written in slope-intercept form, the graph 
can be drawn using the slope and the y-intercept. First locate the y-intercept. Use 
the slope to find a second point on the line. Then draw a line through the 


two points. 
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=> Graph y = 2x — 3. 


y-intercept = (0, b) = (0, — 3) 


2 change iny 
| change inx 


m=2= 


Beginning at the y-intercept, move 
right | unit (change in x) and then 
up 2 units (change in y). 


(1, 1) is a second point on the 
graph. 


Draw a line through the two points 
CO} 3) andl): 


Example 5 Graph y = =x + 1 by using You Try It5 Graph y = 2x — 1 by using 
the slope and y-intercept. the slope and y-intercept. 


Solution y-intercept = (0, b) = (0, 1) Your solution 
92 =) 
ae ees 


3 3 


right ge 


= tdown 2 
ey 


Example 6 Graph 2x — 3y = 6 by using the You Try It6 Graph x — 2y = 4 by using 
slope and y-intercept. the slope and y-intercept. 


Solution Solve the equation for y. Your solution 
2x — 3y =6 
Viet 2 O 


Pe arin) 
a 
James 


y-intercept = (0, —2); m = ; 


ent ares 


= 


Spe hea 


Ta eeatepe t 


Sa 
ODS om 


Solutions on p. S18 


PO CONS 
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7.3 Exercises 


Objective A 
Find the x- and y-intercepts. 
is y= 3 2. 3x + 4y=12 3. P= 2545 20 
4. y=2x+ 10 Stk oy — 10 6. 3x + 2y=12 
7. y=3x+12 8 y=5x+ 10 9.. 2x3 3y = 0 
1 ¢ 2 
10. 3x + 4y=0 iy Pe ei 12. amr —4 


Find the x- and y-intercepts and then graph. 


13. 5«+2y=10 14. x-3y=6 
iy: 


17. 5y—3x=15 
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Objective B 


Find the slope of the line containing the given points. 


19. P,(4, 2), P2(3, 4) 20. P,(2, 1), P2(3, 4) 21. P,(—1, 3), P22, 4) 
22 aeP, (2 wl) ePo25 2) 23. P,(2, 4), P2(4, —1) 24. PAU 3) O73) 
D5 ei GeetS) eh (2, 1) 26n 22; (S52) 27,0) 21, PS, —3). Pay 
28.7 P\(0)-3); P52) 1) 29.. PiGe=4) 23>) 30. Pi—1 2) Bien 
Ble a2) (3.2) 52 eM) CEL) 33:- PO; 1) 2G. 2 
34. P,(3, 0), P.(2, —1) 35.23) eros) 36. P,(4, —1),.P(—3, 8 


37. The graph at the right shows the cost, in dollars, to make a transatlantic 
Y telephone call. Find the slope of the line. Write a sentence that states the 
meaning of the slope. 


Cost (in dollars) 


38. The pressure, in pounds per square inch, on a diver is shown in the 
Y graph on the right. Find the slope of the line. Write a sentence that 
explains the meaning of the slope. 


Pressure 


20 40 60 80. 


39. One measure of the affordability of a home for a given population is the 
Y percent of the population that has the necessary income to purchase a 50 
median-priced new home ($136,000 in 1996). The graph at the right 
| ¢ shows the decrease in the percent of the population that can afford a 
” new home. Find the slope of the line and write a sentence that states its 
meaning. 


Percent 
w 
(S 


1986 1996 


Years 


1976 
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40. The stratosphere extends from approximately 11 km to 50 km above 

VA Earth. The graph at the right shows how the temperature in degrees 
Celsius changes in the stratosphere. Explain the meaning of the hori- 
zontal line segment from A to B. Find the slope of the line from B to C 
and explain its meaning. 


Degrees (°C) 


Objective C 


Graph by using the slope and y-intercept. 


4d Be 2 ICY ey wl | 42. MS 2) 43. y=—x-2 
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1 
50. Vay Si. 


APPLYING THE CONCEPTS 


56. Do all straight lines have a y-intercept? If not, give an example of one 
that does not. 

57. If two lines have the same slope and the same y-intercept, must the 
graphs of the lines be the same? If not, give an example. 


58. Draw the graphs of Aaa bs 3 a c. —~+2%=1 


What observations can you make about the x- and y-intercepts of these 
graphs and the coefficients of x and y? 


d. Use this observation to draw the graph of 7 = 3 = 1. 


59. What does the highway sign at the right have to do with slope? 


Mi 


{ 


on 


Copyright © Hought 


PP ehies a pe eee a reer nee Ronee MEP FERS RATES SSR RIES oe Panes 
So ihe eee Geer i ee Ee ee 


ae ear ee 
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Objective A 
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Equations of Straight Lines 
To find the equation of a line given a point and the slope ......... T26}) 


In earlier sections, the equation of a line was given and you were asked to deter- 
mine some properties of the line, such as its intercepts and slope. Here, the 
process is reversed: Given properties of a line, determine its equation. 


If the slope and y-intercept of the line are known, the equation of the line can be 
determined by using the slope-intercept form of a straight line. 


=» Find the equation of the line with slope 5 and y-intercept (0, 3). 


y=mx +b @ Use the slope-intercept formula. 
1 1 
Virete a a ° m= —); (0, b) = (0,3), sob = 3. 
The equation of the line is y = Sx a 8h af 


When the coordinates of a point other than the y-intercept and the slope are 
known, the equation of the line can be found by using the formula for slope. 


Suppose a line passes through the point (3, |) and 
has a slope of <. The equation of the line with these 


properties is determined by letting (x, y) be the 
coordinates of an unknown point on the line. 
Because the slope of the line is known, use the 
slope formula to write an equation. Then solve 
for y. 


- ~ 2 
a ~=4 0 2 = mm; m= 5 (Xe) = % Wi OK) = (31) 
ion 2 1 
yA Zz : : 
3% — 3)= 3 — 3) ¢ Multiply each side by (x — 3). 

Zz fede 

y-1= 3% == iD © Simplify. 
Ps 

y= a ae) ® Solve for y. 


The equation of the line is y = ox — ih 


The same procedure that was used above is used to derive the point-slope 
formula. We use this formula to determine the equation of a line when we are 
given the coordinates of a point on the line and the slope of the line. 


Let (x, y,) be the given coordinates of a point on a line, m the given slope of the 
line, and (x, y) the coordinates of an unknown point on the line. Then 


LLY A m ® Formula for slope. 
0, Gn S| 
4 ame bs . nd ! : me 
(x — x1) = m(x — x) e Multiply each side by x — x,. 


KF X| 
y-—y, = m(x — x) © Simplify. 
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Point-Slope Formula 


If (x;, ¥;) is a point on a line with slope m, then y — y, = m(x — x,). 


=» Find the equation of the line that passes through point (2,3) and has 


slope 2: 
5 Die 6 amet (1 © Si, 2) 
Vea uaa A eae) 


® Use the point-slope formula. 


m= —2; (x, y;) = (2, 3) 


y—3=-2x+4 * Solve for y. 
VSS 2K, 
The equation of the line is y = —2x + 7. 


Example 1 
Find the equation of the line whose slope 


is -+ and whose y-intercept is (0, —1). 


Solution 


You Try It 1 
Find the equation of the line whose slope is 


5 and whose y-intercept is (0, 2). 


Your solution 


Because the slope and y-intercept are 
known, use the slope-intercept formula, 
y=mx +b. 

2 2 
sa meres ie. ont tat basa 
Example 2 
Use the point-slope formula to find the 
equation of the line that passes through the 


You Try It 2 
Use the point-slope formula to find the 
equation of the line that passes through 
point (—2, —1) and has slope -. the point (4, —2) and has slope =. 
Solution 

Y= Vu x x4) 

= (-1)=Sfx-(-2)] + m= 3, 
ay > x m= 9! 
(x, vi) = (—2, -1) 


Your solution 


3 
Da A) 


3 
yee a 


3 
Be ris 


The equation of the line is y 


Solutions on p. S18 
Objective B_ To find the equation of a line given two points ................0000.0000+- €63) 


The point-slope formula is used to find the equation of a line when a point on 
the line and the slope of the line are known. But this formula can also be used to 
find the equation of a line given two points on the line. In this case, 


1. Use the slope formula to determine the slope of the line between the points. 


De Use the point-slope formula, the slope you just calculated, and one of the 
given points to find the equation of the line. 
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=» Find the equation of the line that passes through the points whose coordi- 
Mavesate.(--5.5--1 rand (3.3): 


Use the slope formula to determine the slope of the line between the points. 


eer ee ee : . : 
ie apes Woe kes SRS) es (x1, W) = (3, -1); (x2, 9) = (3,3) 


Use the point-slope formula, the slope you just calculated, and one of the 
given points to find the equation of the line. 


EIN 1X ay) ® Point-slope formula 
Y 
a) © m= 5 (KK) = (3,1) 


Je 
Saleh oan Aa) 


2 
tags csi ee 2 


. 2 
g TAKE NOTE a 
B You can verify that the equation 
; » 2 
5 y=oxt 1 passes through mR ail rage al 
the points (—3, —1) and (3, 3) 2 > 
by substituting the coordinates =I 32>) cell ® (x, y) = (—3, -1) 3 30) +] ® (x, y) = (3, 3) 
of these points into the 
equation. paar ecto 3 || Bar il 
ieee 3=3 


; : : ; : 2 
The equation of the line that passes through the two points is y = ae 18 


Example 3 You Try It 3 

Find the equation of the line that passes Find the equation of the line that passes 
through the points (—4, 0) and (2, —3). through the points (—6, —1) and (3, 1). 
Solution Your solution 

Find the slope of the line between the 

two points. 


sh = ia A er) me sige 


eee (4). 96 2 


Use the point-slope formula. 
y— yy, = mx —*x)) © Point-slope formula 


y-0==3[¢- (4) ema Sin) =(- 40 


1 
1 


Nima seae inne 


: ; ; l 
The equation of the line is y = — a Dh 
Solution on p. S18 
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Objective C_ To solve application problems 


We ny 38) 
Inches 


Example 4 


The data in the table below show the size 
of a house in square feet and the cost to 
build the house. The line of best fit is 


Chapter 7 / Linear Equations in Two Variables 


A linear model is a first-degree equation that is used to describe a relationship 
between quantities. In many cases, a linear model is used to approximate 
collected data. The data are graphed as points in a coordinate system, and then 
a line is drawn that approximates the data. The graph of the points is called a 
scatter diagram; the line is called a line of best fit. 


Consider an experiment to determine the weight required to stretch a spring a 
certain distance. Data from such an experiment are shown in the table below. 


25 4 2 
63 104 47 


Distance (in inches) a5 1 


85 20 


4.5 


Weight (in pounds) 115 

The accompanying graph shows the scatter diagram, which is the plotted points, 
and the line of best fit, which is the line that approximately goes through the 
plotted points. The equation of the line of best fit is y = 25.7x — 1.3, where x is 
the number of inches the spring is stretched and y is the weight in pounds. 


The table below shows the values that the model would predict to the nearest 
tenth. Good linear models should predict values that are close to the actual val- 


ues. A more thorough analysis of lines of best fit is undertaken in statistics 
courses. 


| Distance,x 


Hd =2.5 4 2 3.5 1 4.5 
Weight predicted using 
RDS Tee VBTE LG 2 res Oia 1OLS< 250th BSei ne = 24 teeta 


You Try It 4 

The data in the table below show a reading 
test grade and the final exam grade ina 
history class. The line of best fit is 


Square feet 
Cost 


y = 70.3x + 41,100, where x is the number 
of square feet and y is the cost of the house. 


1250 1400 1348 2675 2900 
128,000 140,000 136,100 233,450 241,500 


Graph the data and the line of best fit in the 
coordinate system below. Write a sentence 
that describes the meaning of the slope of 
the line of best fit. 


Solution 

The slope of the 
line means that 

the cost to build 
the house increases 
$70.30 for each 
additional square 
foot in the size of 
the house. 


Cost (in dollars) 


1000 2000 


Square feet 


y = 8.3x — 7.8, where x is the reading test 
score and y is the history test score. 


Reading 8.5 9.4 


History 64 68 


_ 10.0 11.4 12.0 
76 87 92 


Graph the data and the line of best fit in the 
coordinate system below. Write a sentence 
that describes the meaning of the slope of 
the line of best fit. 


Your solution 
¥: 


History score 


4 8 Wp 


Reading score 


Solution on p. S18 
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7.4 Exercises 3 


11. 


Objective A 


Find the equation of the line that con- 2: 
tains the point (0, 2) and has slope 2. 


Find the equation of the line that con- 4. 
tains the point (—1, 2) and has slope —3. 


Find the equation of the line that con- 6. 
tains the point (3, 1) and has slope 7 


Find the equation of the line that con- 8. 
tains the point (4, —2) and has slope =. 


Find the equation of the line that con- 10. 
tains the point (5, —3) and has slope -2. 


Find the equation of the line that con- 12; 
tains the point (2, 3) and has slope =: 
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Find the equation of the line that contains the 
point (0, —1) and has slope —2. 


Find the equation of the line that contains the 
point (2, —3) and has slope 3. 


¢ 


Find the equation of the line that contains the 


point (—2, 3) and has slope > 


Find the equation of the line that contains the 
point (2, 3) and has slope >. 


Find the equation of the line that contains 
the point (5, —1) and has slope = 


Find the equation of the line that contains 
the point (—1, 2) and has slope — > 
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Objective B 
13. Find the equation of the line that passes 14. Find the equation of the line that passes 
through the points (1, —1) and (—2, —7). through the points (2, 3) and (3, 2). 


15. Find the equation of the line that passes 16. Find the equation of the line that passes 
through the points (—2, 1) and (1, —5). through the points (—1, —3) and (2, —12). 


17. Find the equation of the line that passes 18. Find the equation of the line that passes 
through the points (0, 0) and (—3, —2). through the points (0, 0) and (—5, 1). 


19. Find the equation of the line that passes 20. Find the equation of the line that passes 
through the points (2, 3) and (—4, 0). through the points (3, —1) and (0, —3). 


Find the equation of the line that passes 22. Find the equation of the line that passes 
through the points (—4, 1) and (4, —5). through the points (—5, 0) and (10, —3). 


Find the equation of the line that passes 24. Find the equation of the line that passes 
through the points (—2, 1) and (2, 4). through the points (3, —2) and (—3, —3). 
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Objective C — Application Problems 


25. The data in the table below are estimates that a study projected for the 4 
number of hours, on average, a person will spend watching “basic 500 
cable” television channels each year. The line of best fit is 400 
= 12.9x + 332, where x is the year (with x = 0 corresponding to 1990) 3 300 
and y is the number of hours per person. = 500 
: Bveanix © a +5 ye es pear RA sel eatin 100 | 
. F- Hours per Person,y 398 408 420 435 449 OE aOR SeTO 


Years 


| See erent ‘ 
ie Graph the data and the line of best fit in the coordinate system at the CO ee 


. a right. Write a sentence that describes the meaning of the slope of the 
; . line of best fit. 


\ 26. The data in the table below show the projected median annual income y 
for a four-person family during different years. The line of best fit is, so 000 
y = 1460x + 47,016, where x is the year (with x = 0 corresponding to 5 40,000 
1994) and y is the annual income. is 30,000 
| Picor manta iad ienO 1 oF 30) «Re 

RGIS IG TATAPESSIESENAT IRC; eepapniaeny —- = 10,000 
| Annual Income,y 47,012 = 48,452, 49,987 51,406 = 52,843 

| O° a™ Sedars 

. Graph the data and the line of best fit in the coordinate system at the : ern 
right. Write a sentence that describes the meaning of the slope of the Be Cousens a 
| line of best fit. 
| 
27. The data in the table below show the number of visitors (in millions) to > 
U.S. national parks during different years. The line of best fit is 8 
‘ y = —2.1x + 275, where x is the year (with x = 0 corresponding to E 
| 1992) and y is the number of visitors in millions. & 
Year. x 0 1 2 3 ae 
| ee | S 
. avesitors:(in millions), y 274.7 ~ 273.1 "268.6 * 269.6 265.8 Doll rs Pha 
; a S = re O 
| Graph the data and the line of best fit in the coordinate system at the Aon Bk ae 
f right. Write a sentence that describes the meaning of the slope of the 
line of best fit. 
28. The data in the table below show the average lifetime for women in the y 
; United States during different years. The line of best fit is y = 0.2x + 73, ® 80 
where x is the year (with x = 0 corresponding to 1960) and y is the 5 60 
length of the lifetime in years. Bie 
. OHA ee oat eat (Rin OPe Gicll Op anaayp A Uneaeraee | paasatn < 20 
| Life Expectancy (in years),y 73.1 74.7 77.4 78.8 81.2 eae 


x = 0 corresponds to 1960 


Graph the data and the line of best fit in the coordinate system at the 
right. Write a sentence that describes the meaning of the slope of the 
line of best fit. 
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APPLYING THE CONCEPTS 


the line. 


ZO (G3 22) ae nL) 


Sites (=25- 5), (15.3); (459) 


33. If (—2,4) are the coordinates of a point 
on the line whose equation is y = mx + 1, 
what is the slope of the line? 


35. If (0, —3), (6, —7)}and G; 7) ‘are ‘coordi- 
nates of points on the same line, deter- 
mine n. 


37 and 38. 


37. Find the equation of the line passing 
through (—2, 3) and (4, —1). 


VA given above. 


point-slope formula. 


30. 


52. 


34. 


36. 


38. 


In Exercises 29 to 32, the first two given points are on a line. Determine whether the third point is on 


Cee aaa Bl eS) 


(=3, 7), (012); G5) 


If (3, 1) are the coordinates of a point on the 
line whose equation is y = mx — 3, what is 
the slope of the line? 


If (—4, 11), (2, —4), and (6, n) are coordinates 
of points on the same line, determine n. 


The formula y — y,; = oe (x — x,), where x; ¥ X2, is called the two-point formula for a straight line. 
Zz 1 


This formula can be used to find the equation of a line given two points. Use this formula for Exercises 


Find the equation of the line passing through 
(3; 1nd (453). 


39. Explain why the condition x; 4 x, is placed on the two-point formula 


40. Explain how the two-point formula given above can be derived from the 


Copyri 
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| Focus on Problem Solving 


Counterexamples Some of the exercises in this text ask you to determine whether a statement is 


true or false. For instance, the statement “every real number has a reciprocal” is 
false because 0 is a real number and 0 does not have a reciprocal. 


Finding an example, such as 0 has no reciprocal, to show that a statement is not 
always true is called “finding a counterexample.” A counterexample is an exam- 
ple that shows that a statement is not always true. 

Consider the statement “the product of two numbers is greater than either fac- 
tor.” A counterexample to this statement is the factors - and =. The product of 

opeenl Tec 

these numbers is a and 5 is smaller than : or =. There are many other counter- 
examples to the given statement. 


Here are some counterexamples to the statement “the square of a number is 
always larger than the number.” 


Dione ee yu Pe 


For each of the next five statements, find at least one counterexample to show 
that the statement, or conjecture, is false. 


The product of two integers is always a positive number. 


The sum of two prime numbers is never a prime number. 


For all real numbers, |x + y| = |x| + |y]. 


. If x and y are nonzero real numbers and x > y, then x? > y’. 


ve wy om 


The quotient of any two nonzero real numbers is less than either 
one of the numbers. 


When a problem is posed, it may not be known whether the statement is true or 
false. For instance, Christian Goldbach (1690-1764) stated that every even inte- 
ger greater than 2 can be written as the sum of two prime numbers. No one has 
been able to find a counterexample to this statement, but neither has anyone 
been able to prove that it is always true. 


In the next five exercises, answer true if the statement is always true. If there is 
an instance when the statement is false, give a counterexample. 


6. The reciprocal of a positive number is always smaller than the 
number. 

7. If x < 0, then |x| = —x. 

8. For any two real numbers x andy,x +y>x —y. 

9. For any positive integer n, n’? + n + 17 is a prime number. 


10. The list of numbers 1, 11, 111, 1111, 11111, ... contains infinitely 
many composite numbers. (Hint: A number is divisible by 3 if the 
sum of the digits of the number is divisible by 3.) 
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Graphing Linear 
Equations with a 
Graphing Utility 


TAKE NOTE 


Xmin and Xmax are the 
smallest and largest values of 
x that will be shown on the 
screen. Ymin and Ymax are the 
smallest and largest values of 
y that will be shown on 


| Projects and Group Activities 


A computer or graphing calculator screen is divided into pixels. There are ap- 
proximately 6000 to 790,000 pixels available on the screen (depending on the 
computer or calculator). The greater the number of pixels, the smoother a graph 
will appear. A portion of a screen is shown at the left. Each little rectangle 
represents one pixel. 


The graphing utilities that are used by computers or calculators to graph an 
equation do basically what we have shown in the text: They choose values of x 
and, for each, calculate the corresponding value of y. The pixel corresponding to 
the ordered pair is then turned on. The graph is jagged because pixels are 
much larger than the dots we draw on paper. 


The graph of y = 0.45x is shown at the left as the calculator drew it (jagged). The 
x- and y-axes have been chosen so that each pixel represents + of a unit. Con- 
sider the region of the graph where x = 1, 1.1, and 1.2. 


The corresponding values of y are 0.45, 0.495, and 0.54. Because the y-axis is 
in tenths, the numbers 0.45, 0.495, and 0.54 are rounded to the nearest tenth 
before plotting. Rounding 0.45, 0.495, and 0.54 to the nearest tenth results in 
0.5 for each number. Thus the ordered pairs (1, 0.45), (1.1, 0.495), and (1.2, 0.54) 
are graphed as (1, 0.5), (1.1, 0.5), and (1.2, 0.5). These points appear as three 
illuminated horizontal pixels. The graph of the line appears horizontal. However, 
if you use the TRACE feature of the calculator (see the appendix), the actual 
y-coordinate for each value of x is displayed. 


Here are the keystrokes to graph y = ox + 1. First the equation is entered. Then 


the domain (Xmin to Xmax) and the range (Ymin to Ymax) are entered. This is 
called the viewing window. By changing the keystrokes 2 eaas3 1 
(use for the Sharp EL-9600 or use for the Casio CFX-9850), you 


the screen. : ; 

can graph different equations. 

TI-83 SHARP EL-9600 CASIO CFX-9850 

[y=] [CLEAR] 2 [X7T.6,n] [= ] 3 [y=] [CL] 2 [korn] [=] 3[+]1 [MENU] 5 [F2] [Fl] 2 xeT] 
[=] 1 window] [3] 10 [WINDOW] 10 10 [=] 3 [+] 1 [EX] [SHIFT] F3 
[ENTER] 10 [ENTER] 1 [ENTER] [ENTER] 1 [ENTER] [] 10 [7] 10 [EXE] 10 [EXE] 1 [EXE] 
[©] 10 [ENTER] 10 1 ENTER] 10 [ENTER] ] [ENTER] 10 10 1 
ENTER] [GRAPH GRAPH 

1. y= 2x + 1 For 2x, you may enter 2 X x or just 2x. The times sign X 


is not necessary on many graphing calculators. 
1 
2. y= Fe 2 Use the key to enter a negative sign. 
3: 3x4 2y =6 Solve for y. Then enter the equation. 
4. 4x + 3y = 75 You must adjust the viewing window. 


Suggestion: Xmin = —25, Xmax = 25, Xscl = 5, 
Ymin = —35, Ymax = 35, Yscl = 5. See the appendix 
for assistance. 


CopyrighihO Housnewntisilin@omipanynibeieniomvertere 


a 


— 
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i 


Speed Grr ins) 


Distance (in meters) 


Distance (in meters) 
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Graphs of Motion A graph can be useful in analyzing the Time Distance 


1 2 3) 4 
Time (in seconds) 


5 


1 2 3 4 
Time (in seconds) 


ee 
Time (in seconds) 


5 


motion of a body. For example, consider (in seconds) (in meters) 
an airplane in uniform motion traveling 0 0 
at 100 m/s. The table at the right shows 1 100 
the distance, in meters, traveled by the 2 200 
plane at the end of each of five one- 3 300 
second intervals. 4 400 

5 500 


These data can be graphed on a rectangular coordinate system and a straight line 
drawn through the points plotted. The travel time is shown along the horizontal 
axis, and the distance traveled by the plane is shown along the vertical axis. (Note 
that the units along the two axes are not the same length.) 


To write the equation for the line just graphed, use the coordinates of any two 
points on the line to find the slope. The y-intercept is (0, 0). 


Let (x,, y,) = (1, 100) and (x,, y,) = (2, 200). y=mx+b 
= 200 — = 100x + 0 
ee) 2nd) 1 00 100 _ 500 y, 
X51 211 y = 100x 


Note that the slope of the line, 100, is equal to the speed, 100 m/s. The slope of a 
distance-time graph represents the speed of the object. + 


The distance-time graphs for two planes are shown at the left. One plane is trav- 
eling at 100 m/s, and the other is traveling at 200 m/s. The slope of the line rep- 
resenting the faster plane is greater than the slope of the line representing the 
slower plane. 


In the speed-time graph at the left, the time a plane has been flying at 100 m/s 
is shown along the horizontal axis and its speed is shown along the vertical axis. 
Because the speed is constant, the graph is a horizontal line. 


The area between the horizontal line graphed and the horizontal axis is equal to 
the distance traveled by the plane up to that time. For example, the area of the 
shaded region on the graph is 


Length - width = (3 s)(100 m/s) = 300 m 
The distance traveled by the plane in 3 s is equal to 300 m. 
1. Acar in uniform motion is traveling at 20 m/s. 
a. Prepare a distance-time graph for the car for 0s to 5 s. 
b. Find the slope of the line. 
c. Find the equation of the line. 
d. Prepare a speed-time graph for the car for 0s to 5 s. 
e. Find the distance traveled by the car after 3 s. 
2. One car in uniform motion is traveling at 10 m/s. A second car in uniform 
motion is traveling at 15 m/s. 
a. Prepare one distance-time graph for both cars for 0s to 5 s. 
b. Find the slope of each line. 
c. Find the equation of each line graphed. 
d. Assuming that the cars started at the same point at 0 s, find the distance 
between the cars at the end of 5 s. 
3. a. In a distance-time graph, is it possible for the graph to be a horizontal 
line? 
b. What does a horizontal line reveal about the motion of the object during 
that time period? 
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| Chapter Summary | 


Key Words A rectangular coordinate system is formed by two number lines, one horizontal 


Essential Rules 


and one vertical, that intersect at the zero point of each line. 


The number lines that make up a rectangular coordinate system are called the 
coordinate axes or simply axes. 


The origin is the point of intersection of the two coordinate axes. 


A rectangular coordinate system divides the plane into four regions called 
quadrants. 


An ordered pair (x, y) is used to locate a point in a plane. 
The first number in an ordered pair is called the abscissa or x-coordinate. 
The second number in an ordered pair is called the ordinate or y-coordinate. 


The coordinates of a point are the numbers in the ordered pair that is associated 
with the point. 


A relation is any set of ordered pairs. 


A function is a relation in which no two ordered pairs with the same first coor- 
dinates have different second coordinates. 


A function designated by f(x) is written in functional notation. The value of the 
function at x is f(x). 


An equation of the form y = mx + b, where m and b are constants, is a linear 
equation in two variables or a linear function. 


The point at which a graph crosses the x-axis is called the x-intercept. 
The point at which a graph crosses the y-axis is called the y-intercept. 
The slope of a line is the measure of the slant of a line. The symbol for slope 


is Mm. 


A line that slants upward to the right has a positive slope. 
A line that slants downward to the right has a negative slope. 
A horizontal line has zero slope. 


The slope of a vertical line is undefined. 


Slope of a straight line 


Slope = m = ee 
X2— xy 
Slope-intercept form of a straight line 
y=mx+b 


Point-slope formula 


Vi Vaasa) 
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| Chapter Review 


1. a. Graph the ordered pairs (—2, 4) and (3, —2). 2. Graph the ordered-pair solutions of 
b. Name the abscissa of point A. feet 
c. Name the ordinate of point B. Meme ease oA when ee eae oct 


3. Determine the equation of the line that 4. Determine the equation of the line that 
passes through the points (—1, 3) and (2, —5). passes through the point (6, 1) and has slope 
> ¢ 
=> 
1 
5. Graph y = ax spy. 6. Graph 5x + 3y = 15. 


7. Determine the equation of the line that 8. Given f(x) = x’ — 2, find f(—1). 
passes through the point (—3, 4) and has 
g slope :. 
g 
z 
= 
= 
eg 9. Determine the equation of the line that 10. | Doesw:= =x)+3, where x.S {=2).0;.3, 5}, 
VE passes through the points (—2, 5) and (4, 1). define y as a function of x? 
a 
ne 
z 
® 11. Find the slope of the line 12. Find the x- and y-inter- 13. Find the slope of the line 
3 containing the points cepts of 3x — 2y = 24. containing the points 
= (9, 8) and (—2, 1). (—2, —3) and (4, —3). 
5 
8 
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20. 
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Graph the line that has 15. Graphx = —3. 16. Graph the line that has 
2 : 
slope ; and y-intercept slope =F and y-intercept 
(ORL). (O72). 
y y 4 
4 4 4 
2 2 2 
[TennRemewe SQeone wee Pyeene le ok 
=2 =p) =p 
4 -4 ~4 
Graphiy—= —2x = 12 18. Graph the line that has 19. 
slope 2 and y-intercept 
(Oy 4) 


The height and weight of 8 seventh-grade students are shown in the fol- 
lowing table. Write a relation where the first coordinate is height, in inches, 
and the second coordinate is weight, in pounds. Is the relation a function? 


Height 55 57 53 57 60 61 58 54 
Weight 95 101 Sq eretos 100 105 97 95 


An on-line research service charges a monthly access fee of $75 plus $.45 c 
per minute to use the service. An equation that represents the monthly cost 
to use this service is C = 0.45x + 75, where C is the monthly cost and x is 
the number of minutes. Graph this equation for 0 = x < 100. The point 
(50, 97.5) is on the graph. Write a sentence that describes the meaning of 
this ordered pair. 


eee) LES) Me 


Cost (in dollars) 


50 100 
Minutes 


The data in the table below show the amount spent on health care in the y 
United States. The line of best fit for this data is y = 3.85x + 15.78, where 
x = 0 corresponds to the year 1990. Graph the data and the line of best fit 
in the coordinate system at the right. How much is the amount spent on 
health care increasing each year? 


Billions of dollars 


Year 1990 1992 >. 1994 1996 1998 
Amount spent (billions) 14.9 22a 30.9 36.0 42.1* 


*Projected 


ie 
OMe 2A BONS 
Years 
x =0 corresponds to 1990 
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| Chapter Test 


1. Find the ordered-pair solution of 2. Graph the ordered-pair solutions of 
2x — 3y = 15 corresponding to x = 3. ahs -3x Lire a 


3. Does y = x — 3 define y as a function of x 


for x € {—2, 0, 4}? 


4. Given f(t)=? + t, find f(2). 


5. Given f(x) = x? — 2x, find f(—1). 


6. The distance a house is from a fire station and the amount of damage that the house sustained in a 
fire are given in the following table. Write a relation where the first coordinate of the ordered pair is 
the distance in miles from the fire station and the second coordinate is the amount of damage in thou- 


sands of dollars. Is the relation a function? 
a 


Batata so IS 2) Meuisgres Sang ein ogy) 5.4 
PDarmage 25 a BO 45238 42 12 34 
7. Graph y = 3x + 1. 8. Graph y = =x => 


10. 
z 
2 
=>] 
2 11. Graph the line that has slope -+ and 12. Graph the line that has slope 2 and 
a y-intercept (0, 4). y-intercept —2. 
g yikes 
Oo 
§ 4 
B 
= 
g apap dts 4 
¥ E23 
E 
a, =4 
S 
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13. The equation for the speed of a ball that is thrown straight up with an 
initial speed of 128 ft/s is v = 128 — 32t, where v is the speed of the ball 
after t seconds. Graph this equation for 0 <¢=4. The point whose 
coordinates are (1, 96) is on the graph in Figure 1. Write a sentence that 


14. 


15. 


16. 


18. 


20. 


Zee 


24. 


Chapter 7 / Linear Equations in Two Variables 


describes this ordered pair. 


The graph in Figure 2 shows the increase in the cost of tuition for a college 
for the years 1989 through 1994 (with 1989 as 0). Find the slope of the line. 
Write a sentence that states the meaning of the slope. 


The data in the following table show the number of mutual fund companies 
for selected years between 1983 and 1993. The line of best fit is 
y = 330x + 1016, where x is the year (with 1983 as 0) and y is the number 


of mutual fund companies. 


eee Be Oia 
Weir eran iat (1983) 88 
No. of companies,y 1020-2000 267036 


Graph the data and the line of best fit in the coordinate system in Figure 3. 
Write a sentence that describes the meaning of the slope of the line of 


best fit. 


Find the x- and y-intercepts for 
6x — 4y = 12. 


Find the slope of the line containing the 
points (2, —3) and(4, 1). 


Find the slope of the line containing the 
pomts (= 5)2 jrandi(=5../): 


Find the equation of the line that contains 
the point (0, —1) and has slope 3. 


Find the equation of the line that passes 
through the points (5, —4) and (—3, 1). 


17. 


19. 


7 Ie 


23S: 


295. 


reece, 


(1991) (193) 


Speed (in ft/s) 


1 2 3 74 
Time (in seconds) 


Figure 1 


Tuition (in thousands of $) 


o 
= 


et 
E 
N 


7X 


4000 
20005 es 


1000 


Number of Companies 


0 


Years 


Figure 3 


Find the x- and y-intercepts for y = 5x hehe 


Find the slope of the line containing the 
points (3, —4) and (1, —4). 


Find the slope of the line whose equation is 
2x + 3y = 6. 


Find the equation of the line that contains 


the point (—3, 1) and has slope = 


Find the equation of the line that passes 
through the points (—2, 0) and (5, —2). 
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| Cumulative Review 


AS UN hye eh Se 5. (— 2)" 2. Evaluate we when a = —2, b = 3, and 
c= —4. 
. OP as 
3. Given f(x) = Zap find f(—2). 4. Solve: 2x — : a “ 
Dro. o ae —3(2 — 3x) | =x — 77 6. Write 65% as a fraction. 
¢ 
7.2. Simplity: (—2x*y)*(2xy7)? 8. Simplify: = 
SmeDividesa —4x% — 21) = (« — 7) 10. Factor: 5x? + 15x + 10 
tie Pactom cla + 2) ya + 2) 12. Solve: x(x — 2)=8 
: 
3 . aye 210 : Sf 3x y 
A 13. Simplify: arity ; i 14. Simplify: Furth 0A © Oke tee 24 
ba 
3 
: 
s 
E 
2 15. Solve: 3- + == 16. Solve 4x — 5y = 15 for y. 
‘sl 
S 
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17. Find the ordered-pair solution of y = 2x — 1 
corresponding to x = —2. 


19. Find the equation of the line that contains 


the point (2, —1) and has slope > 


21. Find the equation of the line that contains 
the point (—1, 0) and has slope 2. 


23. A suit that regularly sells for $89 is on sale 
for 30% off the regular price. Find the sale 
price. 


25. The real estate tax for a home that costs 
$50,000 is $625. At this rate, what is the 
value of a home for which the real estate tax 
is Slo752 


27. Graph y = xt =— elk 


24. The first angle of a triangle is 3° more than 


26. An electrician requires 6 h to wire a garage. 


28. Graph the line that has slope -+ and 


18. Find the slope of the line that contains the 
points (2, 3) and (—2, 3). 


20. Find the equation of the line that contains 
the point (0, 2) and has slope —3. 


22. Find the equation of the line that contains 


the point (6, 1) and has slope <. 


the measure of the second angle. The third 
angle is 5° more than twice the measure of 
the second angle. Find the measure of each 
angle. 


An apprentice can do the same job in 10 h. 
How long would it take to wire the garage if 
both the electrician and the apprentice were 
working? 


y-intercept 2. 


as 
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A mechanical engineer designs engines and motors. It is part 
of the mechanical engineer's job to determine the size and 
the layout of pipes that are needed to transport water or air 
or any other material from one place to another within a 
motor. In these designs, the temperatures and pressures of 
the materials being transported must be taken into 
consideration. Therefore, calculations performed by a 
mechanical engineer normally require equations that have 
more than one variable. 


Systems of 
Linear Equations 


Objectives 


Section 8.1 
To solve a system of linear equations by graphing 


Section 8.2 ¢ 


To solve a system of linear equations by the 
substitution method 


To solve investment problems 


Section 8.3 


To solve a system of linear equations by the addition 
method 


Section 8.4 
To solve rate-of-wind or -current problems 
To solve application problems using two variables 


Input-Output Analysis 


The economies of the industrial nations are very 
complex; they comprise hundreds of different industries, 
and each industry supplies other industries with goods 
and services needed in the production process. For 
example, the steel industry requires coal to produce steel, 
and the coal industry requires steel (in the form of 
machinery) to mine and transport coal. 


Wassily Leontief, a Russian-born economist, developed a 
method of describing mathematically the interactions of 
an economic system. His technique was to examine 
various sectors of an economy (steel industry, oil, farms, 
autos, and so on) and determine how each sector 
interacted with the others. More than five hundred 
sectors of the economy were studied. 


The interaction of each sector with the others was 
written as a series of equations. This series of equations 
is called a system of equations. Using a computer, 
economists searched for a solution to the system of 
equations that would determine the output levels various 
sectors would have to meet to satisfy the requests from 
other sectors. The method is called input-output analysis. 


Input-output analysis has many applications. For 
example, it is used today to predict the production needs 
of large corporations and to determine the effect of price 
changes on the economy. In recognition of the 
importance of his ideas, Leontief was awarded the Nobel 
Prize in Economics in 1973. 


This chapter begins the study of systems of equations. 
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Solving Systems of Linear 
Equations by Graphing 


8.1 


‘ : 
. ? 


Objective A_ To solve a system of linear equations by graphing .......0..0..00..0... ( {27} ) 
Equations considered together are called a system of equa- 2x + 3y = 
tions. A system of equations is shown at the right. 3x — 5y = 22 


A solution of a system of equations in two variables is an ordered pair that is 
a solution of each equation of the system. 


=» Is (4, —2) a solution of the following system of equations? 


26-4 sy = 2 
3x — 5y = 22 
# 
2x + 3y =2 Sh SVE? 
2G ete S\a= 2 eZ, 3(A)iaeole- 2) 22 
Bat (6) lee 12 (10) sie 22 


2=2 Vip — jay 


Yes, because (4, —2) is a solution of each equation, it is the solution of the sys- 
tem. However, (7, —4) is not a solution, because 


2k + 3y = 2 Cece! U4 
27) 4+ 3(—4) |-2 Sa a2 |) 2 
tee? aie 21 (E20) ae 
2=2 e(7,-4jisa 41 A22. @ (7, —4) is not 
solution. a solution. 


»» Is (3, —3) a solution of the following system of equations? 


2x+y=3 
x ey = 1 


Lech ys 3 xt+y=1 

(ave (3)) bs awe (oe) ie 

(6) SE eels) 0-1 
bs 


Because (3, —3) is not a solution of each equation, (3, —3) is not a solution ol 
the system of equations. 
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POINT OF INTEREST 


The “Projects and Group 
Activities” at the end of this 
chapter discusses using a 
calculator to approximate the 
solution of a system of 
equations. 


Graphing the equations in a system of linear equations is one method of finding 
a solution of the system of equations. The lines can intersect at one point, the 
lines can intersect at infinitely many points (the graphs are the same line), or the 
lines can be parallel and not intersect at all. 


Such systems are called independent, dependent, and _ inconsistent, 
respectively. 


<< 
SS 


Independent: Dependent: Inconsistent: 
one solution infinitely many solutions no solutions 


=» Solve by graphing: 2x + 3y 
2 Ve 2 


Il 
ox 


Graph each line. 
Find the point of intersection. 


(—3, 4) is a solution of each equation. 
The system of equations is independent. 


The solution is (—3, 4). 


«> Solve by graphing: 2x — y = 1 
Ox = 3-12 


Graph each line. 
The lines are parallel and therefore do 


not intersect. The system of equations is 
inconsistent and has no solution. 


} 
| 
| 
| 
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a 
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When a system of equations is dependent, the graphs of the two equations are the 
same line. Therefore, the lines intersect at infinitely many points. The solutions 
of the system of equations are the ordered pairs that satisfy either one (and 
hence both) of the two equations of the system of equations. 


=> Solve by graphing: 2x + 3y = 6 » 
6x + 9y = 18 


Graph each line. - 
6x + Dy = 18 


The two equations represent the same line. The system of equations is depen- 
dent, so there are an infinite number of solutions. The solutions are the 
ordered pairs that satisfy both equations. The solutions are stated by using 
the ordered pairs of one of the equations. Therefore, the solutions are the 
ordered pairs that satisfy the equation 2x + 3y = 6. 


By choosing values of x, we can find some specific ordered-pair solutions. For 
example, when x = —3, 0, and 6, three of the infinite solutions of the system of 
equations are (—3, 4), (0, 2), and (6, —2). 


Example 1 You Try It 1 
Is (1, —3) a solution of the following Is (—1, —2) a solution of the following 
system? system? 
Bhat 2y 23 2x — dy = 8 
Ley" She OV) 
Solution Your solution 

Bx 2V 3 x — 3y = 6 
Seale (—3)a\e=3 Lae HES) 

ee (Sa) |) i) (9) AG 

= 6) eS 1046 


No, (1, —3) is not a solution of the system 


of equations. 


Solution on p. S19 
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Example 2 You Try It 2 
Solve by graphing: Solve by graphing: 
x=22y=2 x+3y=3 

cehy =) =< Vie) 


Solution Your solution 


The solution is (4, 1). 


Example 3 You Try It 3 

Solve by graphing: Solve by graphing: 

4x —2y=6 y=3x-1 
Vn = 2X83 6x — 2y = -—6 


Solution Your solution 


The solutions are the ordered pairs that 
satisfy the equation y = 2x — 3. 


Solutions on p. S19 
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8.1 Exercises . | 


11. 


13. 


15. 


17. 


Objective A 


Is (2, 3) a solution of this system? 
3x + 4y = 18 
DK Tay =| 


Is (1, —2) a solution of this system? 
3x =y=5 
2x + 5y = —8 


Is (4, 3) a solution of this system? 
5x — 2y = 14 
x+y =8 


Is (—1, 3) a solution of this system? 
tg ia 
2x + 5y =413 


Is (0, 0) a solution of this system? 
4x + 3y = 0 
2x -y=1 


Is (2, —3) a solution of this system? 
y=2x-—7 
3x -y =9 


Is (5, 2) a solution of this system? 
Vix 8 
Ve 5X = 13 


Is (—2, —3) a solution of this system? 
3x — 4y = 6 
2017 


Is (0, —3) a solution of this system? 
4x —3y =9 
204 OV = 15 


10. 


12. 


14. 


16. 


18. 


Is (2, —1) a solution of this system? 
x-2’=4 
2x+y=3 


Is (-1, —1) a solution of this system? 
x-—4y=3 
3x +y =2 


Is (2, 5) a solution of this system? 
3x + 2y = 16 
2x —3y =4 


¢ 


Is (4, —1) a solution of this system? 
x-4y=9 
2%, —By=— 11 


Is (2, 0) a solution of this system? 
CY el ell ©) 
Kay = 


Is (—1, —2) a solution of this system? 
3x —4y =5 
Vm om 


Is (—4, 3) a solution of this system? 
y= ae 
yi x = 19 


Is (0, 0) a solution of this system? 
y = 2x 
3x + 5y =0 


Is (4, 0) a solution of this system? 
2x-t Sy = 5 
x-5y=4 


372 
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Solve by graphing. 
19,47 - y=3 
x+ty=5 


XH, Ze sb 1 =O 
y—-—3=0 
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28. ok — 2y— 11 
v= 5 


30. xty=5 
3x + 3y =6 


62: 


34. 5x — 2y = 10 
3x + 2y =6 
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@ 35. 3x+4y-0 36. 
S 2x — 5y = 0 


Sze 


38. 4x + 6y = 12 
6x + 9y = 18 


APPLYING THE CONCEPTS 


39. Determine whether the statement is always true, sometimes true, or 
: never true. 


a a. 


Sule) SF 


A solution of a system of two equations with two variables is a point 
in the plane. 


. Two parallel lines have the same slope. 


Two different lines with the same y-intercept are parallel. 


. Two different lines with the same slope are parallel. 


40. Explain how you can determine from the graph of a system of two 


VA equations in two variables whether it is an independent system of equa- 
tions. 


Explain how you can determine from the graph of a system of two 
equations in two variables whether it is an inconsistent system of equa- 
tions. 


Write a system of equations that has (—2, 4) as its only solution. 


Write a system of equations for which there is no solution. 


_ 44, Write a system of equations that is a dependent system of equations. 
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Solving Systems of 
8 2 Linear Equations by the 
° Substitution Method 


4 


Objective A_ To solve a system of linear equations by 


FS SUBSTIELTION TIIOTIOG erick foo sccvode cnet aks aca acvcesacevicei snk 


A graphical solution of a system of equations is based on approximating the 
coordinates of a point of intersection. An algebraic method called the substitu- 
tion method can be used to find an exact solution of a system of equations. 


»» Solve by the substitution method: (1) 2x + 5y=—-11 
(2) y =3x—-9 


Equation (2) states that y = 3x — 9. Substitute 3x — 9 for y in Equation (1). 
Then solve for x. 


2k ty ® This is Equation (1). 
257 Box 9) = S11 © From Equation (2), substitute 3x — 9 for y. 
Ch boxe ASS 14 ® Solve for x. 
17x — 45 => -11 i 
17x = 34 
Kee 
Now substitute the value of x into Equation (2) and solve for y. 
VY =x — 9 ® This is Equation (2). 
y = 3(2) -9 ® Substitute 2 for x. 


y=6-9=-3 


The solution is the ordered pair (2, —3). 


The graph of the equations in this system of 
equations is shown at the right. Note that 
the lines intersect at the point whose coor- 
dinates are (2, —3), which is the algebraic 
solution we determined by the substitution 
method. 


24. +.5y 


To solve a system of equations by the substitution method, we may need to solve 
one of the equations in the system of equations for one of its variables. For 
instance, the first step in solving the system of equations 


(1) Gt ly = —=3 
(2) Pay em EY OS) 


is to solve an equation of the system for one of its variables. Either equation can 


be used. 
Solving Equation (1) for x: Solving Equation (2) for x: 
Lt y= = 35 2x —-3y=5 
ena y= Ss 2x = 3y + 5 
eee 
Sa 
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Because solving Equation (1) for x does not result in fractions, it is the easier of 
the two equations to use. 
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Here is the solution of the system of equations given on the previous page. 


=» Solve by the substitution method: (1) x+2y==-3 
(2) 2x — 3y=5 


To use the substitution method, we must solve an equation for one of its 
variables. Equation (1) is used here because solving it for x does not result 
in fractions. 


Kee 2y 5 
(3) C= —2y ® Solve for x. This is Equation (3). 


Now substitute —2y — 3 for x in Equation (2) and solve for y. 


2x —- 3y=5 ¢ This is Equation (2). 
262) —13)e oy — e From Equation (3), substitute —2y — 3 for x. 
4y —6 - 3y=5 ° Solve for y. 
=r 6 =75 
—7y = 11 
ig 
7 


x= =2y = 3 ® This is Equation (3). 


e Substitute 4 for y. 


I 

| 

i) 
~ i 
= 
=i 
Wee 

| 

OW 


The solution is ie -U), 
7 fi 


The graph of the system of equa- 
tions given above is shown at the 
right. It would be difficult to deter- 
mine the exact solution of this sys- 
tem of equations from the graphs of 
the equations. 


=» Solve by the substitution method: (1) y=3x-1 
(2) a= © 
Ve 
3 1 S26 ® Substitute 3x — 1 for y in Equation (2). 
5x =-5 e Solve for x. 


x= =] 


Substitute this value of x into Equation (1) or Equation (2) and solve for y. 
Equation (1) is used here. 


y=3x-1 
y=3(-1)-1=-4 


The solution isi(— 1, =4) 
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The substitution method can be used to analyze inconsistent and dependent sys- 
tems of equations. 


=» Solve by the substitution method: (1) 2x + 3y = 3 


2 
(2) See 8) 

3) 

20 sy = 3 ® This is Equation (1). 

2 

rae ae a(- ae a ) =3 © From Equation (2), replace y with -=x + 3. 
Ly = 2k $9 = 3 ® Solve for x. 
9=3 © This is not a true equation. 


Because 9 = 3 is not a true equation, the system of equations has no solution. 


Solving Equation (1) above for y, we have 

y= -+x + 1. Comparing this with Equa- 

tion (2) reveals that the slopes are equal 

and the y-intercepts are different. The 

graphs of the equations that make up this P 
system of equations are parallel and thus 

never intersect. Because the graphs do 

not intersect, there are no solutions of the 

system of equations. The system of equa- 

tions is inconsistent. 


= Solve by the substitution method: (1) 2S 
(2) 4x — 8y = 12 
4x — 8y = 12 ® This is Equation (2). 
4(2y + 3) — 8y = 12 ® From Equation (1), replace x by 2y + 3. 
Sy +12 — 8y =A2 ® Solve for y. 
12 = 12 ® This is a true equation. 


The true equation 12 = 12 indicates 
that any ordered pair (x, y) that satis- 
fies one equation of the system satis- 
fies the other equation. Therefore, the 
system of equations has an infinite 
number of solutions. The solutions are 
the ordered pairs (x, y) that are solu- 
tions of x = 2y + 3. 


If we write Equation (1) and Equation (2) in slope-intercept form, we have 


x=2y+ 3 4x — 8y = 12 
— ya —8y = —4x + 12 
1 3 1 3 
PRON Vien 7S 


The slope-intercept forms of the equations are the same, and therefore the 
graphs are the same. If we graph these two equations, we essentially graph one 
over the other. Accordingly, the graphs intersect at an infinite number of points. 
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Example 1 Solve by substitution: You Try It1 Solve by substitution: 
CL) 2a Aya (1) Ix-y=4 
(ie tee ae Q)) Skite2y =o 


Solution Solve Equation (2) for x. Your solution 
—x +2y=4 
ee te 
x=2y-4 


Substitute in Equation (1). 
(1) 34 + 4y = —2 
3(2y — 4) + 4y = -2 
Oygeal2 ayia 2 
10ye be 
10y = 10 
y=1 
Substitute in Equation (2). 
(2) —-x+2y=4 
—x + 2(1) =4 
Sd a4 
—x =2 
x=-2 


The solution is (—2, 1). 


Example 2. Solve by substitution: You Try It2 Solve by substitution: 


4x + 2y=5 3x —-y=4 
Jo 2 I y=3x+2 


Solution 4x + 2y=5 Your solution 
A) (2a 
4x —4x+2=5 
2=5 


This is not a true equation. 
The system of equations is 
inconsistent and therefore 
does not have a solution. 


Example 3 Solve by substitution: You Try It3 Solve by substitution: 
y = 3x — 2 y=—24 4 1 
6x — 2y=4 6x + 3y = 3 
Solution 6x — 2y =4 Your solution 
On = 20% = 2) a4 
6x — 6x +4=4 
4=4 


This is a true equation. The 
system of equations is 
dependent. The solutions are 
the ordered pairs that satisfy 
the equation y = 3x — 2. 


Solutions on p. S19 
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Objective B_ To solve investment probleMs .......00.ccccccccccsesssesessssesesessscnscessceseess T29)) 


The annual simple interest that an investment earns is given by the equation 
Pr = I, where P is the principal, or the amount invested, r is the simple interest 
rate, and J is the simple interest. 


For instance, if you invest $750 at a simple interest rate of 6%, then the interest 
earned after one year is calculated as follows. 


Pr=I1 
750(0.06) = 1 e Replace P by 750 and r by 0.06 (6%). 
45=I] ® Simplify. 


The amount of interest earned is $45. 


=» A medical lab technician decided to open an Individual Retirement Account 
(IRA) by placing $2000 in two simple-interest accounts. On one account, a 
corporate bond fund, the annual simple interest rate is 7.5%. On the second 
account, a real estate investment trust, the annual simple interest rate is 9%. 
If the technician’s annual earnings were $168 per year from these two invest- 
ments, how much was invested in each account? 


Strategy for Solving Simple-Interest Investment Problems 


¢ 
i. For each amount invested, use the equation Pr = /. Write a 


numerical or variable expression for the principal, the interest 
rate, and the interest earned. 


Amount invested at 7.5%: x 
Amount invested at 9%: y 


_ Principal, P : Interest rate, r = Interest earned, I 
Amount at 7.5% x : O07 52 tice (aremt 0.075x 
Amount at 9% y siers beret 0: OS ent = 0.09y 


2. Write a system of equations. One equation will express the 
relationship among the amounts invested. The second equation 


will express the relationship among the interest earned by each 
investment. 


The total amount invested is $2000: x + y = 2000 
The total annual interest earned is $168: 0.075x + 0.09y = 168 
Solve the system of equations. 

(1) x +y = 2000 

(2) 0.075x + 0.09y = 168 

Solve Equation (1) for y and substitute into Equation (2). 

(3) y= -x + 2000 


0.075x + 0.09(—x + 2000) = 168 
0,075x — 0.09x + 180 = 168 


—(i0is; — —12 
x = 800 
Substitute the value of x into Equation (3) and solve for y. 


y = —x + 2000 
y = —800 + 2000 = 1200 


The amount invested at 7.5% is $800. The amount invested at 9% is $1200. 
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Example 4 

A hair stylist invested $2000 at an annual 
simple interest rate of 5.2%. How much 
additional money must be invested at an 
annual simple interest rate of 7.2% so that 
the total interest earned is 6.4% of the total 
investment? 


Strategy 
Amount invested at 5.2%: 2000 
Amount invested at 7.2%: x 
Total amount invested: y 


i Principal! Ratel 4 inrereseany 
“Amount —-2000-~——(0.052_-——(0.052(2000) 
eee 
Amount = x2 0024 00724" 

At 7.2% Sere Cutan mie ce tatmet nn fet 
Amount 22) 77 yl 2) 10064), gO. OGAui a) 

at 6.4% Pec ee aa eet ne aie beat) geen ia Ma Mat 


The total amount invested (y) is $2000 
more than the amount invested at 7.2% 


(ee): 
y =x + 2000 
The sum of the interest earned at 5.2% and 


the interest earned at 7.2% equals the 
interest earned at 6.4%: 


0.052(2000) + 0.072x = 0.064y 


Solution 
(1) y =x + 2000 
(2) 0.052(2000) + 0.072x = 0.064y 
Replace y in Equation (2) by x + 2000 
from Equation (1). Then solve for x. 
0.052(2000) + 0.072x = 0.064(x + 2000) 

104 + 0.072x = 0.064x + 128 

0.008x = 24 
x = 3000 


$3000 must be invested at an annual simple 
interest rate of 7.2%. 


You Try It 4 

The manager of a city’s investment income 
wished to place $330,000 in two simple- 
interest accounts. The first account earns 
6.5% annual interest and the second 
account earns 4.5%. How much should be 
invested in each account so that both 
accounts earn the same annual interest? 


Your strategy 


Your solution 


Solution on p. S19 
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8.2 Exercises _ 


Objective A 


7 


Solve by substitution. 


1. 2k sv = 7 2. y= 3: tv iam oo) 
4 2 3x — 2y = 6 xty=5 
4. y=x+2 5. x=y-2 6. x=yt+1 
ety — 0 x+3y=2 x+2y=7 
¢ 
lis y=4- 3x 8. y=2 —- 3x 9. x=3y+3 
Sx hy =) 6x + 2y=7 2x — 6y = 12 
10. Ki 2 ¥ Toke oy, = 6 WP, y=2x+3 
3x + 3y =6 x=5y+3 4x — 3y = 1 
13. 3x+y=4 14. x-4y=9 15. 3x-y=6 
4x —-3y=1 2k oy = Lh xX oy 
16. 4x -—y=-5 17 13x = 18. 3x + 4y= 18 
ato — 13 2x + 5y = —8 2x-y=1 
19. 4x + 3y=0 20. 5x + 2y=0 2A SoD Shy 
x = Vi = () x= 3y.=0 6x =BBy==.6 
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34. 


SS ee ee 


pap2g 


ZS: 


28. 


Sie 


S94, 


33. 
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3x ty =4 23. X= SVeres 
Oey = 112 y=2x +6 
y=2x+ 11 26: Vrs 
jy one lhe) y= 3x13 
x=3y+7 29. x=4-2 
2) 1 x=6y+ 8 


Objective B- Application Problems 


An investment of $3500 is divided between two simple-interest 
accounts. On one account, the annual simple interest rate is 5%, and on 
the second account the annual simple interest rate is 7.5%. How much 
should be invested in each account so that the total interest from the 
two accounts is $215? 


A mortgage broker purchased two trust deeds for a total of $250,000. 
One trust deed earns 7% simple annual interest whereas the second one 
earns 8% simple annual interest. If the total annual interest from the 


two trust deeds is $18,500, what was the purchase price of each trust 
deed? 


When Sara Whitehorse changed jobs, she rolled over the $6000 in her 
retirement account into two simple-interest accounts. On one account, 
the annual simple interest rate is 9%; on the second account, the annual 
simple interest rate is 6%. How much must be invested in each account 
if the accounts earn the same amount of annual interest? 


An animal trainer decided to take the $15,000 won on a game show and 
deposit it in two simple-interest accounts. Part of the winnings were 
placed in a 7% annual simple-interest account and the remainder was 
used to purchase a government bond that earns 6.5% annual simple 
interest. The amount of interest earned for one year was $1020. How 
much was invested in each account? 


A police officer has chosen a high-yield stock fund that earns 8% annual 
simple interest for part of a $6000 investment. The remaining portion 
is used to purchase a preferred stock that earns 11% annual simple 
interest. How much should be invested in each account so that the 


amount earned on the 8% account is twice the amount earned on the 
11% account? 


24. 


Lie 


30. 


x=4-2y 
Gee PS Ne) 
y=-4x +2 
y= 3x1 
x=3— dy 
x= 5y—1¢ 
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To plan for the purchase of a new car, a deposit was made into an 
account that earns 7% annual simple interest. Another deposit, $1500 
less than the first deposit, was placed in a 9% annual simple-interest 
certificate of deposit. The total interest earned on both accounts for one 
year was $505. How much money was deposited in the certificate of 
deposit? 


The Pacific Investment Group invested some money in a certificate of 
deposit (CD) that earns 6.5% annual simple interest. Twice the amount 
invested at 6.5% was invested in a second CD that earns 8.5% annual 
simple interest. If the total annual interest earned from the two invest- 
ments was $4935, how much was invested at 6.5%? 


A corporation gave a university $300,000 to support product safety 
research. The university deposited some of the money in a 10% simple- 
interest account and the remainder in an 8.5% simple-interest account. 
How much should be deposited in each account so that the annual 
interest earned is $28,500? 


Ten coworkers formed an investment club, and each deposited $2000 in 
the club’s account. They decided to take the total amount and invest 
some of it in preferred stock that pays 8% annual simple interest and 
the remainder in a municipal bond that pays 7% annual simple inter- 
est. The amount of interest earned each year from the investments was 
$1520. How much was invested in each? 


A financial consultant advises a client to invest part of $30,000 in 
municipal bonds that earn 6.5% annual simple interest and the remain- 
der of the money in 8.5% corporate bonds. How much should be 
invested in each so that the total annual interest earned each year is 
$2190? 


Alisa Rhodes placed some money in a real estate investment trust that 
earns 7.5% annual simple interest. A second investment, which was 
one-half the amount placed in the real estate investment trust, was used 
to purchase a trust deed that earns 9% annual simple interest. If the 
total annual interest earned from the two investments was $900, how 
much was invested in the trust deed? 


APPLYING THE CONCEPTS 


For what value of k does the system of equations have no solution? 


42. 


y ; 
y 


24— 3y =d 43. 8&—-—4y=1 
kx — 3y =4 Ky 


Describe in your own words the process of solving a system of equa- 
tions by the substitution method. 


When you solve a system of equations by the substitution method, how 
do you determine whether the system of equations is dependent? 


44. 


x=4y+4 
kx — 8y =4 
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48. 


49. 


50. 


51. 


AN 
eee 
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47. The following was offered as a solution to the system of equations 


1 
(1) Y= Bye sae 
(2) 2 + .5y = 10 
2x + 5y = 10 e Equation (2) 
1 aera 
Doig (4s a 2) = 10 “ Substitute > x + 2 for y. 
Diet x + 10= 10 ® Solve for x. 
s) 
a =0 
x=0 


At this point the student stated that because x = 0, the system of equa- 
tions has no solution. If this assertion is correct, is the system of equa- 
tions independent, dependent, or inconsistent? If the assertion is not 
correct, what is the correct solution? 


When you solve a system of equations by the substitution method, how 
do you determine whether the system of equations is inconsistent? 


A sales representative invests in a stock paying 9% dividends. A research 
consultant invests $5000 more than the sales representative in bonds 
paying 8% annual simple interest. The research consultant’s income 
from the investment is equal to the sales representative’s. Find the 
amount of the research consultant’s investment. 


A plant manager invested $3000 more in stocks than in bonds. The 
stocks paid 8% annual simple interest, and the bonds paid 9.5% annual 
simple interest. Both investments yielded the same income. Find the 
total annual interest received on both investments. 


The exercises in this objective were based on annual simple interest, 
r, which means that the amount of interest earned after one year 
is given by J = Pr. For compound interest, the interest earned for a 
certain period of time (usually daily or monthly) is added to the 
principal before the interest for the next period is calculated. The 
compound interest earned in one year is given by the formula 


Y n 
[= ale te 4 = i} where n is the number of times per year that 


interest is compounded. For instance, if interest is compounded daily, 
then n = 365; if interest is compounded monthly, then n = 12. Suppose 
an investment of $5000 is made into three different accounts. The first 
account earns 8% annual simple interest, the second earns 8% com- 
pounded monthly (n = 12), and the third earns 8% compounded daily 
(n = 365). Find the amount of interest earned from each account. 
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8 3 | Solving Systems of Equations by 
° the Addition Method 


Objective A To solve a system of linear equations by 


TB BODIEOININGTTO? 28 Ba) TR canst ecovinatsonnnisvassssenenens [{28}) 


Another method of solving a system of equations is called the addition method. 
This method is based on the Addition Property of Equations. 


Note, for the system of equations at the right, (1) 5x + 2y = 11 
the effect of adding Equation (2) to Equation (2) 3x4— ly = 13 
(1). Because 2y and —2y are opposites, adding Sy Oy Sod 
the equations results in an equation with only Sy A 


one variable. 


Solving 8x = 24 for x gives the first coordinate ee 
of the ordered-pair solution of the system of 8 68 
equations. x= 3 


The second coordinate is found by substituting (1) : By ey = 


the value of x into Equation (1) or Equation (2) 5(3) + 2y = 11 
and then solving for y. Equation (1) is used 158 2ys—= 711 
here. 2y = -4 

y=-2 


The solution is (3, —2). 


Sometimes adding the two equations does not eliminate one of the variables. In 
this case, use the Multiplication Property of Equations to rewrite one or both of 
the equations such that the coefficients of one of the variables are opposites. 


=» Solve by the addition method: (1) 4x + 3y=-1 
(2) 2x —5y=19 


Multiply Equation (2) by —2. The coefficients of x will then be opposites. 


me Cx oy) == 2-919 Multiply Equation (2) by —2. 
(3) —4x + 10y = —38 ® Simplify. This is Equation (3). 


Add Equation (1) to Equation (3). Then solve for y. 


(1) 4x + 3y = -1 
(3) —4x + 10y = —38 * Note that the coefficients of x are opposites. 
13y = —39 e Add the two equations. 
y= —3 ® Solve for y. 


Substitute the value of y into Equation (1) or Equation (2) and solve for x. 
Equation (1) will be used here. 


(1) 4x + 3y=—-1 
4x + 3(-3) =-1 e Substitute —3 for y. 
Ay — 9 =—— |] ® Solve for x. 
4x = 8 
x=2 


The solution is (2, —3). 
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Sometimes each equation of the system of equations must be multiplied by a 
constant so that the coefficients of one of the variable terms are opposites. 


=» Solve by the addition method: (1) 3x + Ty =2 
(2) 5p 26 


To eliminate x, multiply Equation (1) 5(3x + 7y)=5-2 

by 5 and Equation (2) by —3. Note we 

at the right how the constants are —3(5x — 3y) = —3(—26) 
chosen. 


tL « The negative is used so that the 
coefficients will be opposites. 


Ibe Sov — 10 e 5 times Equation (1). 
= laxieoviaale * —3 times Equation (2). 
44y = 88 e Add the equations. 
y=2 ® Solve for y. 


Substitute the value of y into Equation (1) or Equation (2) and solve for x. 
Equation (1) will be used here. 


(1) OX ty 2 
3x 1(2) = 2 ° Substitute 2 for y. 
3x + 14=2 ® Solve for x. 
Be = 12 
x=-—4 


The solution is (—4, 2). 


For the previous system of equations, the value of x was determined by substi- 
tution. This value can also be determined by eliminating y from the system. 


9x + 2ly = 6 ° 3 times Equation (1). 
396 = 2 ly 182 ° 7 times Equation (2). 
44x = —176 e Add the equations. 

Ging ee ° Solve for x. 


Note that this is the same value of x as was determined by using substitution. 


_ =» Solve by the addition method: (1) Se SVD Fe 4, 
: @) 3y = 7x +5 


Rewrite Equation (2) in the form Ax + By = C. 


(2) 3y = 7x +5 ® Subtract 7x from each side of the 
(3) —7x + 3y =5 equation. This is Equation (3). 
Eliminate x or y. We will eliminate x by using Equations (1) and (3). 
35x — 14y = —28 ® 7 times Equation (1). 
ook Loy eo * 5 times Equation (3). 
y=-3 ° Add the equations. 


Substitute the value of y into Equation (1) or Equation (2) and solve for x. 
Equation (1) will be used here. 


(1) 5x — 2y = —4 


5x — 2(-3) = —4 ° Substitute —3 for y. 
5x +6 = —4 @ Solve for x. 
5x = -10 
x=-2 


The solution is (—2, —3). 
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»» Solve by the addition method: (1) 2x +y=2 
(2) 4x +2y=—-5 


Eliminate y. Multiply Equation (1) by —2. 
(1) 2(2x%.+ y)=—2-2 * —2 times Equation (1). 
(3) 4x — 2, 4 ® This is Equation (3). 


Add Equation (2) to Equation (3) and solve for x. 


(3) —4x -—-2y=-4 
(2) 4x +2y=-5 
Ox + Oy = -9 © Add Equation (2) to Equation (3). 
Q = 9 * This is not a true equation. 


The system of equations is inconsistent and therefore does not have a 
solution. 


The graphs of the two equations in 
the system of equations above are 
shown at the right. Note that the 
graphs are parallel and therefore 
do not intersect. Thus the system 
of equations has no solutions. 


Example 1 You Try It 1 

Solve by the addition method: Solve by the addition method: 
(1) 2x+4y=7 (1) x-2y=1 

(2) Sc Sy = —2 2x + 4y =0 


Solution Your solution 


Eliminate x. 
5(2x + 4y)=5-7 * 5 times Equation (1). 
—2(5x — 3y) = —2(—2) © —2 times Equation (2). 


10x + 20y = 35 
© Add the equations. 


© Solve for y. 


Substitute ; for y in Equation (1). 
(1) 2x+4y=7 


3 3 
24 + 4(3) =7_ © Replace y by. 


© Solve for x. 


Solution on p. S20 
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Example 2 

Solve by the addition method: 
a) 6x + 9y = 15 

(2) 4x + 6y = 10 


Solution 
Eliminate x. 


4(6x + 9y) =4-15 ® 4 times Equation (1). 


—6(4x + 6y) = —-6:10 ©® —6times Equation (2). 


24x + 36y = 60 
24x — 36y = —60 
Ox + Oy = 0 @ Add the equations. 
0=0 


The system of equations is dependent. 
The solutions are the ordered pairs that 
satisfy the equation 6x + 9y = 15. 


Example 3 
Solve by the addition method: 
(1) 2x =y+8 
(2) 3x + 2y=5 
Solution 
Write Equation (1) in the form 
Ax + By =C. 
2x =y+t 8 
(3) 26 V6 © This is Equation (3). 
Eliminate y. 
224 —V)=2-8 
3xnly =) ® This is Equation (2). 
4x — 2y = 16 
3x +2y=5 
ix = 21 ® Add the equations. 
= 3 


Replace x in Equation (1). 
(1) 2x =y +8 
LES YEN a ® Replace x by 3. 
6=y+8 


i ate 


The solution is (3, —2). 


* 2 times Equation (3). 


You Try It 2 

Solve by the addition method: 
2h Sy = 4 

AK ay Veena ~'O 


Your solution 


You Try It 3 
Solve by the addition method: 
4x + 5y = 11 

3y =x + 10 


Your solution 


Solutions on p. S20 |. 
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8.3 Exercises | 


Objective A 


Solve by the addition method. 


1 x+y=4 2. 2x+y= 3. ety =4 
x—y=6 x-y= 2x +y=5 
4. x-3y=2 52 yea 6- x-2y=4 
Ki y= 3 x+3y=4 3x + 4y =2 
¢ 
7. 4x —5y = 22 SoP SiG ee lil 952k, aval 
cya — 1 20 Sy = 13 4x —2y=2 
105 2x + 3y =2 11. 4x + 3y=15 1226 3%ee Veal 
3x + 9 = 6 2 ay Ul 6x + 5y =7 
13-6 2x — sy = 1 14. 2x+ 4y=6 150 Oy ye al 
AXi Oy — "2 Soar (a Lit sy = 
zs 16. 4% —3y= 1 7 ee iy = 10 18. 7x + 10y = 13 
= 8x + 5y = 13 3x — 14y = 6 4x + 5y =6 
5 
z 
= 
# | 19. 3x-2y=0 B04 Sv oy = 0 21g eG 
-o 6x + Sy = 3x + 5y =0 3x + 4y =7 
es 
:: 
3 
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31. 
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3x + 4y = 10 23s Ok eve 24. —2e + [= 9 
4x + 3y = 11 2x + 5y = 1 30 tay 
7x — 2y = 13 26. 12x + 5y = 23 27 N8e=SyS 
Set sy = 27 2k = 1) 739 6% — Sy = It 
4x — 8y = 36 29. 5x + 15y = 20 30. y =2x —-3 
3x = OV — 27 2x + 6y = 8 3x + 4y =] 
Sey 47 SZ. 2y =4—- 9x 33. 2x + 9y=16 
aE sat 4 Ao 9x -—y=25 5x = 1 = 3y 
Bye LN enya lle: Shy VA ae BN Ih 8s 365 303 = Sy ae 
4x + 5y = -21 7x + 2y=9 4x + 3y = 11 


APPLYING THE CONCEPTS 


37s 


f 


38. 
So: 


40. 


41. 


Describe in your own words the process of solving a system of equa- 
tions by the addition method. 


The point of intersection of the graphs of the equations Ax + 2y = 2 
and 2x + By = 10 is (2, —2). Find A and B. 


The point of intersection of the graphs of the equations Ax — 4y = 9 
ang 40.4 by —=—— las (1.3). hind A-ana Bb: 
For what value of k is the system of equations dependent? 
2 
a. 2x + 3y =7 Oe ae c.x=ky-1 
4x + by =k v= ky 3 y=2x +2 


For what value of k is the system of equations independent? 


aay b. x+2y=4 oc. 2tky=1 


kx +y=3 kx + 3y =2 tat 2y = 2 
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8 4 Application Problems in 
° Two Variables 


Objective A To solve rate-of-wind or -current problem. .......c.:+.:+.s00+0c0s00s000000 T29)) 


Motion problems that involve an object moving with or against a wind or current 
normally require two variables to solve. 


»» Flying with the wind, a small plane can fly 600 mi in 3 h. Against the wind, 
the plane can fly the same distance in 4 h. Find the rate of the plane in calm 
air and the rate of the wind. 


Strategy for Solving Rate-of-Wind or -Current Problems 


Choose one variable to represent the rate of the object in calm 
conditions and a second variable to represent the rate of the wind or 
current. Using these variables, express the rate of the object with 


and against the wind or current. Use the equation d = rt to write 
expressions for the distance traveled by the object. The results can 
be recorded in a table. 


Rate of plane in calm air: p 
Rate of wind: w 


Rate : Time = Distance 
With the wind ptw 2 3 = 3(p + w) 
Against the wind Diy s 4 = 4(p — w) 


The distance traveled with the wind is 600 mi. 3(p + w) = 600 
The distance traveled against the wind is 600 mi. 4(p — w) = 600 


Solve the system of equations. 


; 1 I 

g 3(p + w) = 600 BF Spy w) = e000 p +w = 200 
Z re - 

= 1 

2 4(p — w) = 600 AO 000 p —w = 150 
E 2p = 350 
E p =175 
= 

p + w = 200 

et 175 + w = 200 

5 w =25 

? The rate of the plane in calm air is 175 mph. 

e The rate of the wind is 25 mph. 


392 Chapter 8 / Systems of Linear Equations 


Example 1 

A 450-mile trip from one city to another 
takes 3 h when a plane is flying with the 
wind. The return trip, against the wind, 
takes 5 h. Find the rate of the plane in still 
air and the rate of the wind. 


Strategy 
Rate of the plane in still air: p 
Rate of the wind: w 


Rate Distance 


With ptw 
wind 
Against 
wind 


3(p + w) 


Ome 5(p — w) 


The distance traveled with the wind is 
450 mi. The distance traveled against the 
wind is 450 mi. 


Solution 


3(p + w) = 450 


5(p — w) = 450 


p+w=150 
p-w=90 


2p = 240 
p = 120 


p+w= 150 
120 <2 yy = 150 
w = 30 


The rate of the plane in still air is 120 mph. 
The rate of the wind is 30 mph. 


Objective B_ To solve application problems using two variables 


You Try It 1 

A canoeist paddling with the current can 
travel 15 mi in 3 h. Against the current, it 
takes 5 h to travel the same distance. Find 
the rate of the current and the rate of the 
canoeist in calm water. 


Your strategy 


Your solution 


Solution on p. S20 


The application problems in this section are varieties of those problems solved 


earlier in the text. Each of the strategies for the problems in this section will 
result in a system of equations. 
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POINT OF INTEREST 


The Babylonians had a method 
for solving a system of 
equations. Here is an 
adaptation of a problem from 
an ancient (around 1500 B.c.) “ 
Babylonian text. “There are 
two silver blocks. The sum of 


: of the first block and = of 


the second block is one 
sheqel (a weight). The first 


block diminished by of its 

weight equals the second 
fo leer : 

diminished by Tr of its weight. 


What are the weights of the 
two blocks?” 
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=» A jeweler purchased 5 oz of a gold alloy and 20 oz of a silver alloy for a total 


cost of $540. The next day, at the same prices per ounce, the jeweler pur- 
chased 4 oz of the gold alloy and 25 oz of the silver alloy for a total cost of 
$450. Find the cost per ounce of the gold and silver alloys. 


Strategy for Solving an Application Problem in 
Two Variables 


Choose one variable to represent one of the unknown quantities and 
a second variable to represent the other unknown quantity. Write 


numerical or variable expressions for all the remaining quantities. 
These results can be recorded in two tables, one for each of the 
conditions. 


Cost per ounce of gold: g 
Cost per ounce of silver: s 


First day: Amount Unit Cost =) lt Value 
Gold 5 . g « = 52 
Silver 20 ¥ Ss = 20s 

Second day: Amount Unit Cost Value 
Gold 4 ah) g = 4¢ 
Silver 25 . § se 5s 


Determine a system of equations. Each table will give one equation 


of the system. 


The total value of the purchase on the first day was $540. 52'+ 20s = 540 
The total value of the purchase on the second day was $450. 4g + 25s = 450 


Solve the system of equations. 


og 20S 40 4(5g + 20s) = 4 - 540 202 + 80s = 2160 
4g + 25s = 450 —5(4g + 25s) = —5 - 450 20S oa Sea ZOU 
e405) = 3 0) 
s=2 
5e + 20s = 540 
5g + 20(2) = 540 *s=2 
5g + 40 = 540 
og = 500 
g = 100 


The cost per ounce of the gold alloy was $100. 
The cost per ounce of the silver alloy was $2. 
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Example 2 

A store owner purchased 20 incandescent 
light bulbs and 30 fluorescent bulbs for a 
total cost of $40. A second purchase, at the 
same prices, included 30 incandescent bulbs 
and 10 fluorescent bulbs for a total cost of 
$25. Find the cost of an incandescent bulb 
and of a fluorescent bulb. 


Strategy 
Cost of an incandescent bulb: b 
Cost of a fluorescent bulb: f 


First purchase: 


Amount 


~ Value 

Incandescent etait Ores al teneaeaeties NE ZOD: 

Bluoresceatiis taste eta cts a sOy. 
Second purchase: 


Amount —— Value 


Incandescent af (uti oO ntae ss SOR: 
Hluorescentaagy (ha LO des 2 eerie SOF 


The total of the first purchase was $40. 
The total of the second purchase was $25. 


Solution 
20b + 30f = 40 
30b + 10f = 25 


3(20b + 30f) = 3 - 40 
~2(30b + 10f) = —2- 25 
60b + 90f = 120 
—60b — 20f = —50 
70f = 70 
f=1 
20b + 30f = 40 
20b + 30(1) = 40 
20b = 10 


1 
pe: 


The cost of an incandescent bulb was $.50. 
The cost of a fluorescent bulb was $1.00. 


You Try It 2 , 
A citrus grower purchased 25 orange trees 
and 20 grapefruit trees for $290. The next 
week, at the same prices, the grower bought 
20 orange trees and 30 grapefruit trees for 
$330. Find the cost of an orange tree and 
the cost of a grapefruit tree. 


Your strategy 


Your solution 


Solution on p. S21 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company, All rights reserved, 


Section 8.4 / Application Problems in Two Variables 395 


3.4 Exercises 


Objective A Application Problems 


1. A whale swimming against an ocean current traveled 60 mi in 2 h. 
Swimming in the opposite direction, with the current, the whale was 
able to travel the same distance in 1.5 h. Find the speed of the whale in 
calm water and the rate of the ocean current. 

2. A plane flying with the jet stream flew from Los Angeles to Chicago, a 
distance of 2250 mi, in 5 h. Flying against the jet stream, the plane 
could fly only 1750 mi in the same amount of time. Find the rate of the 
plane in calm air and the rate of the wind. 


3. A rowing team rowing with the current traveled 40 km in 2 h. Rowing 
against the current, the team could travel only 16 km in 2 h. Find the 
rate of rowing in calm water and the rate of the current. 

4. The bird capable of the fastest flying speed is the swift. A swift flying 
with the wind to a favorite feeding spot traveled 26 mi in 0.2 h. On 
returning, now against the wind, the swift was able to travel only 16 mi 
in the same amount of time. What is the rate of the swift in calm air and 
what was the rate of the wind? 

5. Aprivate Learjet 31A transporting passengers was flying with a tailwind 
and traveled 1120 mi in 2 h. Flying against the wind on the return trip 
the jet was able to travel only 980 mi in 2 h. Find the speed of the jet in 
calm air and the rate of the wind. 

6. A plane flying with a tailwind flew 300 mi in 2 h. Against the wind, it 
took 3 h to travel the same distance. Find the rate of the plane in calm 
air and the rate of the wind. 

7. A Boeing Apache Longbow military helicopter traveling directly into a 
strong headwind was able to travel 450 mi in 2.5 h. The return trip, now 
with a tailwind, took 1 h 40 min. Find the speed of the helicopter in 
calm air and the rate of the wind. 

8. A-seaplane pilot flying with the wind flew from an ocean port to a lake, 
a distance of 240 mi, in 2 h. Flying against the wind, the trip from the 
Jake to the ocean port took 2 h 40 min. Find the rate of the plane in calm 
air and the rate of the wind. 

9. Rowing with the current, a canoeist paddled 14 mi in 2 h. Against the 
current, the canoeist could paddle only 10 mi in the same amount of 
time. Find the rate of the canoeist in calm water and the rate of the cur- 
rent. 


Objective B Application Problems 


10. A computer on-line service charges one hourly price for regular use but 
a higher hourly rate for designated “premium” areas. One customer was 
charged $28 after spending 2 h in premium areas and 9 regular hours; 
another spent 3 h in the premium areas and 6 regular hours and was 
charged $27. What does the service charge per hour for regular and pre- 
mium services? 

11. A baker purchased 12 |b of wheat flour and 15 |b of rye flour for a total 
cost of $18.30. A second purchase, at the same prices, included 15 lb of 
wheat flour and 10 lb of rye flour. The cost of the second purchase was 

$16.75. Find the cost per pound of the wheat flour and of the rye flour. 
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An investor owned 300 shares of an oil company and 200 shares of a 
movie company. The quarterly dividend from the two stocks was $165. 
After the investor sold 100 shares of the oil company and bought an 
additional 100 shares of the movie company, the quarterly dividend 
became $185. Find the dividend per share for each stock. 


The charge for 25 min of prime time and 35 min of nonprime time to a 
customer for using a computerized financial news network was $10.75. 
A second customer used the system for 30 min of prime time and 45 
min of nonprime time for a cost of $13.35. Find the cost per minute for 
using the financial news network during prime time and during non- 
prime time. 


A stocker at a grocery store gets paid a standard hourly rate for her day 
hours but a higher hourly rate for any hours she works during the night 
shift. One week she worked 17 daytime hours and 8 nighttime hours 
and earned $191. The next week she earned $219 for a total of 12 day- 
time and 15 nighttime hours. What is the rate she is being paid for day 
hours and what is the rate for nighttime hours? 


The employees of a hardware store ordered lunch from a local deli- 
catessen. The lunch consisted of 4 submarine sandwiches and 7 orders 
of french fries for a total cost of $23.30. The next day, the employees 
ordered 5 submarine sandwiches and 5 orders of french fries totaling 
$25.75. What does the delicatessen charge for a submarine sandwich 
and for an order of french fries? 


APPLYING THE CONCEPTS 


LG: 


17. 


18. 


19. 


20. 


Two angles are supplementary. The larger angle is 15° more than twice 
the measure of the smaller angle. Find the measure of the two angles. 
(Supplementary angles are two angles whose sum is 180°.) 


The value of the nickels and dimes in a coin bank is $.25. If the number 
of nickels and the number of dimes were doubled, the value of the coins 
would be $.50. How many nickels and how many dimes are in the bank? 


An investor has $5000 to invest in two accounts. The first account earns 
8% annual simple interest and the second account earns 10% annual 
simple interest. How much money should be invested in each account 
so that the annual simple interest earned is $600? 


Solve the following problem, which dates from a Chinese manuscript 
called the Jinzhang that is approximately 2100 years old. “The price of 
1 acre of good land is 300 pieces of gold; the price of 7 acres of bad land 
is 500 pieces of gold. One has purchased altogether 100 acres. The price 
was 10,000 pieces of gold. How much good land and how much bad land 
was bought?” Adapted from A History of Mathematics, An Introduction, 
Victor J. Katz (New York: HarperCollins, 1993, p. 15). 


A coin bank contains only nickels or dimes, but there are no more than 
27 coins. The value of the coins is $2.10. How many different combina- 
tions of nickels and dimes could be in the coin bank? 
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Using a Table 
and Searching 
for a Pattern 


TAKE NOTE 


This table contains the factor 
432 = 2‘ - 3°, which is not a 
proper factor. 
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| Focus on Problem Solving 


Consider the numbers 10, 12, and 28 and the sum of the proper factors (the nat- 
ural number factors less than the number) of those numbers. 


Oli? Oe IO Bd oe 16 28 12 4a 7 + 14 = 28 


10 is called a deficient number because the sum of its proper factors is less than 
the number (8 < 10). 12 is called an abundant number because the sum of its 
proper factors is greater than the number (16 > 12), and 28 is called a perfect 
number because the sum of its proper divisors equals the number (28 = 28). 


Our goal for this “Focus on Problem Solving” is to try to find a method that will 
determine whether a number is deficient, abundant, or perfect without having to 
first find all the factors and then add them up. We will use a table and search for 
a pattern. 


Before we begin, recall that a prime number is a number greater than 1 whose 
only factors are itself and 1, and each natural number greater than 1 has a 
unique prime factorization. For instance, the prime factorization of 36 is given 
by 36 = 2’ - 3”. Note that the proper factors of 36 (1, 2, 3, 4, 6, 9, 12, 18) can be 
represented in terms of the same prime numbers. ¢ 


1=2°, 2=2', 3=3', 4=2?, 6=2:3, setae Le 25 Bias a 


Now let us consider a trial problem of determining whether 432 is deficient, 
abundant, or perfect. 


We write the prime factorization of 1 ie, (ese lease 
432 as 2% - 3° and place the factors of 2 Dio” Oe oes 
432 in a table as shown at the right. 2 2-3 ae ae 
This table contains all the factors of D0 2? 3 eS 
432 represented in terms of the prime 29 2255372 3 eee 
number factors. The sum of each col- Trin tile mee 2) caper = 8) 9 ce 


umn is shown at the bottom. 
Here is the calculation of the sum for the column headed by 1 - 3. 
ese ees he 1-5 i 2 re Si ree 2 2 3 318) 
For the column headed by 1 - 3’ there is a similar situation. 
Peg Deg oo Be es 8 0 Be 2 2 2 = 3 137) 


The sum of all the factors (including 432) is the sum of the last row. 


Sum of = 314.312 34.31 ~ 3? 431-3? = 3101 + 34.3? + 37), = 3140) = 1240 


all factors 


To find the sum of the proper factors, we must subtract 432 from 1240; we get 
808 (see “Take Note”). Thus, 432 is abundant. 


We now look for some pattern for the sum of all the factors. Note that 


Sum of left 1 +2 + 27+ 2?4+2*= = f{+3+ 37+ 37 Sumof 
column | | top row 


31(40) = 1240 


This suggests that the sum of the proper factors can be found by finding the sum 
of all the prime power factors for each prime, multiplying those numbers, and 
then subtracting the original number. Although we have not proved this for all 
cases, it is a true statement. 
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Find a Pattern 


Solving a System of 
Equations with a 
Scientific Calculator 


E 


For instance, to find the sum of the proper factors of 3240, first find the prime 
factorization. 


3040 =) 130 ae 
Now find the following sums: 
(ee 2er 2 2 at t 3 23S + 3 121 0 
The sum of the proper factors = (15)(121)6 — 3240 = 7650. 
Determine whether the number is deficient, abundant, or perfect. 


1. 200 Ade, SVS) 3. 8128 4. 10,000 
5. Is a prime number deficient, abundant, or perfect? 


| Projects and Group Activities 


The “Focus on Problem Solving” involved finding the sum of 1 + 3 + 3* and 
1+ 2+ 2? + 2%. For sums that contain a larger number of terms, it may be dif- 
ficult or time consuming to try to evaluate the sum. Perhaps there is a pattern 
for these sums that can be used to calculate them without having to evaluate 
each exponential expression and then add the results. 


Look at the following from the calculation of the sum of the factors of 3240. 
122 2? reer tS 
2 | Les | 
25 1 
rewire Snes eG gr oe Mk Shorea MIT gel 8 1th 


Batt — 4 8° rb 243 = 242 
2 oS Dy oeageer OSS 


=16¢=-f—15 


Consider another sum of this type. 


L+7+7P+7P+7+P=1+7+ 49 +343 +2401 + 16,807 = 19,608 


Te 2 1s Wied wankitn o4Or elt 117,648 
Ta 6 6 P76 


= 19,608 


On the basis of these examples shown above, make a conjecture as to the value 


of l+nt+n?> +n? +n*+---+n*, where n and k are natural numbers greater 
than 1. 


By using the addition method, it is possible to solve the system of equations. 


ax + by =c 
dx +ey =f 
The solution is 
nce Uj af Sed 
ey and ee ET a where ae — bd # 0 


Using this solution, a system of two equations in two variables can be solved with 
a calculator. It is helpful to observe that the denominators for both expressions 
are identical. The calculation for the denominator is done first and then stored 
in the calculator’s memory. If the value of the denominator is zero, the system of 
equations is dependent or inconsistent, and this calculator method cannot be used. 
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Equations with a 
Graphing Calculator 
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Projects and Group Activities 


Solve: .2x)= 5y =9 


4x + 3y =2 
Make a list of the values of a, b, c, d, e, and f. 
c=9 
f=2 


7, ral Gea Po EE) Sle ea ves 


a=2 b=-5 
d=4 e=3 


Calculate the denominator 
D = ae — bd. 


Find x. Replace the 
CE— yf 
ae — bd 
by their values. 


CS © Toe (sea fees | a] 2, [ea (| | 
The result should be approximately 1.423077. 


variables in x = 


Find y. Replace the 
af — cd 
ae — bd 


EO) 2 c)2 9 feal'4 Ba] [is] MRP ed 
The result should be approximately — 1.230769. 


variables in y = 
by their values. 
The approximate solution is the ordered pair (1.423077, — 1.230769). The result is 
an approximation because the calculator display is an approximation to the 
exact result. 


Solve by using a scientific calculator. 


1. 3.29x + 4.17y = -2.34 2 
0.34x — 0.17y = 0.1 


214 iy 50 
4.5x — 9.2y = 18.3 


vi 
3 Vinge 4 Biv eer 2 
Z 


5. Use the addition method to show that the solution of the system of equations 


aie Ae eC eee ee 


ax + by=c m 
ae — bd ; ae — bd 


ete ee eUDY a 


A graphing calculator can also be used to approximate the solution of a system 
of equations in two variables. Graph each equation of the system of equations, 
and then approximate the coordinates of the point of intersection. The process 
by which you approximate the solution depends on the model of calculator you 
have. In all cases, however, you must first solve each equation in the system of 


equations for y. 


2xn— Sy =9 
Axe 3yi= 2 


Solve: 


Solve each equation for y. 


2x -—5y =9 4x + 3y =2 
py 24-7 9 3y = —4x + 2 
2 2) 4 2 
ae ‘eaoeeStelge 
'Some calculators use STO to store a result and use RCL to recall the result. 
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Key Words 


Essential Rules 


TI-83 Press [Y=]. Enter one equation as Y1 and the other equation as Y2. Press 
[GRAPH]. The intersection point must be shown in the viewing window. If it is not 
shown, adjust the viewing window. Press CALC 5 [ENTER| [ENTER] [ENTER], 


The point of intersection will show on the bottom of the screen as X = 1.4230769 
Vos 12230769: 


Sharp EL-9600 Press [y=]. Enter one equation as Y1 and the other equation as 
Y2. Press [GRAPH]. The point of intersection must be shown on the display. If it 
is not shown, adjust the viewing window. Press CALC 2. 


The point of intersection will show on the bottom of the screen as X = 1.4230769 
Y = —1.230769. 


Casio CFX 9850 Press 5. Enter one equation as Y1 and the other equa- 
tion as Y2. Press LFé]. The intersection point must be shown in the viewing win- 
dow. If it is not shown, adjust the viewing window. Press G-SOLV LF5]. 


The point of intersection will show on the bottom of the screen as X = 1.4230769 
Y = —1.230769. 


Each of these calculators has a built-in method of solving a system of equations. 
For calculators without those methods, use the ZOOM and TRACE features of 
the calculator. Graph the two equations and then use the arrow keys to place the 
cursor near the intersection point. Then ZOOM in on the point of intersection, 
and use TRACE to determine the approximate coordinates. Each time you 
ZOOM in on the point of intersection, the solution of the system of equations 
becomes more accurate (up to the limits of the calculator). 


Solve by using a graphing calculator. 


1. 4x —- 5y = 8 2, 30 2p = 1 
SX Tyla 7x — 6y = 13 
3.x = 3y 4 2 4.x=2y-5 
y=44—2 MeV oe 


| Chapter Summary 


Equations considered together are called a system of equations. 


A solution of a system of equations in two variables is an ordered pair that is a 
solution of each equation of the system. 


An independent system of equations has one solution. 
A dependent system of equations has an infinite number of solutions. 
An inconsistent system of equations has no solution. 


A system of equations can be solved by the graphing method, the substitution 
method, or the addition method. 


Annual Simple-Interest Equation 


I = Pr, where J is the annual simple interest, P is the principal, andr is the annual 
interest rate as a decimal. 
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| Chapter Review 


1. Is (—1, —3) a solution of this system of equa- 2. Is (—2, 0) a solution of this system of equa- 
; 5x + 4y = -17 : =x + oy — 2 
? ? 
tions? ys poe tions? dey =D 
3. Solve by graphing: 4. Solve by graphing: 5. Solve by graphing: 
3x —y=6 4x — 2y = 8 xe yi—=23 
—— i == a 1 
y % y Sx 4 priate Tare 
i 
at 4 
ie 9} POWs 
Pye OP oll 2.) 4 =e ly Pee -4,.-2. 0]..2.4 
eZ 2 =2 
i =A 44 
, 6. Solve by substitution: 7. Solve by substitution: 8. Solve by the addition 
4x + Ty =3 60 = — 0 method: 
fo ve) Taal 3x + 8y = -1 
x= Ly ==} 
| 9. Solve by the addition 10. Solve by substitution: 11. Solve by substitution: 
| method: 12x — 9y = 18 8x —y =2 
: 6x-+-Ay = —3 ae y=5x+1 
12x — 10y = -15 am me 
2 
5 12. Solve by the addition 13. Solve by the addition 14. Solve by substitution: 
5 method: t method: 4x + 3y = 12 
E 4x —y =9 5x + Ty = 21 eer 
E 2x + 3y = -13 20x + 28y = 63 sea eae 
2 
a 
E 
8 
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15. Solve by substitution: 16. Solve by the addition 17. Solve by the addition 
Tc 3y—= —-16 method: method: 
x-2y=5 OGY eae eee 6x — 18y =7 
he — 23) == (6 9x + 24y =2 


18. Asculling team rowing with the current went 24 mi in 2 h. Rowing against 
the current, the sculling team went 18 mi in 3 h. Find the rate of the 
sculling team in calm water and the rate of the current. 


19. An investor bought 1500 shares of stock, some at $6 per share and the rest 
at $25 per share. If $12,800 worth of stock was purchased, how many 
shares of each kind did the investor buy? 


20. A flight crew flew 420 km in 3 h with a tailwind. Flying against the wind, 
the flight crew flew 440 km in 4 h. Find the rate of the flight crew in calm 
air and the rate of the wind. 


21. A small plane flying with the wind flew 360 mi in 3 h. Against a headwind, 
the plane took 4 h to fly the same distance. Find the rate of the plane in 
calm air and the rate of the wind. 


22. Asmall wood carving company mailed 190 advertisements, some requiring 
$.25 postage and others $.45. The total cost for mailing was $59.50. Find 
the number of advertisements mailed at each rate. 


23. A Terra Cotta Art Center receives an annual income of $915 from two 
simple-interest investments. One investment, in a corporate bond fund, 
earns 8.5% annual simple interest. The second investment, in a real estate 
investment trust, earns 7% annual simple interest. If the total amount 
invested in the two accounts is $12,000, how much is invested in each 
account? 


24. A silo contains a mixture of lentils and corn. If 50 bushels of lentils were 
added, there would be twice as many bushels of lentils as of corn; if 
150 bushels of corn were added instead, there would be the same amount 
of corn as of lentils. How many bushels of each were originally in the silo? 


25. Mosher Children’s Hospital received a $300,000 donation that it invested in 
two simple-interest accounts, one earning 5.4% and the other earning 6.6%. 
If each account earned the same amount of annual interest, how much was 
invested in each account? 
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| Chapter Test 


1. Is(—2, 3) a solution of this system? 2. Is (1, —3) a solution of this system? 
wzt+ay=1t - 3x —2y=9 
x+ 3y=7 4x +y=1 
3. Solve by graphing: 3x + 2y =6 4. Solve by substitution: 
54. ly — 2 4x -—y=11 
y=2x%-5 


5. Solve by substitution: 6. Solve by substitution: 
a—=2y + 3 StF OV =A 
3x —2y=5 2x -y=5 
7. Solve by substitution: 8. Solve by substitution: 
ac — Sy = 13 2x —-4y=1 
= 1 
x+3y=1 eee 
2 
9. Solve by the addition method: 10. Solve by the addition method: 
4x + 3y = 11° 2x — 5y =6 
Sa Sy 7 4x + 3y = —-1 


404 


11. 


13. 


14. 


15: 


16. 
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Solve by the addition method: 
Lo 2y = 8 Tey — 11 
3x + 6y = 24 2 Oy ao 


Solve by the addition method: 
5x + 6y = —7 
Sig Ave 5 


With the wind, a plane flies 240 mi in 2 h. Against the wind, the plane 
requires 3 h to fly the same distance. Find the rate of the plane in calm air 
and the rate of the wind. 


For the first performance of a play in a community theater, 50 reserved-seat 
tickets and 80 general-admission tickets were sold. The total receipts were 
$980. For the second performance, 60 reserved-seat tickets and 90 general- 
admission tickets were sold. The total receipts were $1140. Find the price 
of a reserved-seat ticket and the price of a general-admission ticket. 


Bernardo Community Library received a $28,000 donation that it invested 
in two simple-interest accounts, one earning 7.6% and the other earning 
6.4%. If each account earned the same amount of annual interest, how 
much was invested in each account? 


12. Solve by the addition method: 
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| Cumulative Review 


11. 


13. 


i Wey 


17. 


7) 2 
e = when a = 4 and b = -2. 


Evaluate 


Given f(x) = x? + 2x — 1, find f(2). 


Simplify: ———> 


Simplify: 2 


Simplify: : 


Find the x- and y-intercepts for 2x — 3y = 12. 


Find the equation of the line that passes 


through the point (—2, 3) and has slope -5. 


2. Solve: = ee 
4 8 


10. 


12. 


14. 


16. 


18. 


Simplibys car 3a + 1)(2.— 3a) 


Simplify: (4b? — 8b + 4) = (2b — 3) 


Factor: 4x’y* — 64y? 


¢ 


Can lifeapmaek toe Dig = 8 
pay 2x3 + 6x2 = 4x? + 12x? 
Ul 
URE eo 
Simplify: a 
BUST ISb ar rary 


Solve A = P + Prt for r. 


Find the slope of the line that passes through 
the points (2, —3) and (—3, 4). 


Is (2, 0) a solution of this system? 
xe sy 10 
4x + 7y = 8 
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19. 


21. 


PY 


23. 


24. 


2. 


PA 


28. 
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Solve by substitution: 20. Solve by the addition method: 
38 = Sy = =—23 5x — 3y = 29 
x +2y =—-4 4x + 7y =—-5 


A total of $8750 is invested in two simple-interest accounts. On one 
account, the annual simple interest rate is 9.6%; on the second account, the 
annual simple interest rate is 7.2%. How much should be invested in each 
account so that both accounts earn the same interest? 


bole 


A passenger train leaves a train depot = h after a freight train leaves the 


same depot. The freight train is traveling 8 mph slower than the passenger 
train. Find the rate of each train if the passenger train overtakes the freight 
train in 3h. 


The length of each side of a square is extended 4 in. The area of the result- 
ing square is 144 in’. Find the length of a side of the original square. 


A plane can travel 160 mph in calm air. Flying with the wind, the plane can 
fly 570 mi in the same amount of time as it takes to fly 390 mi against the 
wind. Find the rate of the wind. 


Graph 2x — 3y = 6. 26. Solve by graphing: 

y y 

4 A 
4 4 

> > 

x ——— x 
=4.52.0b 2 ae, 
-4 


With the current, a motorboat can travel 48 mi in 3 h. Against the current, 


the boat requires 4 h to travel the same distance. Find the rate of the boat 
in calm water. 


A child adds 8 g of sugar to a 50-gram serving of a breakfast cereal that is 
25% sugar. What is now the percent concentration of sugar in the mixture? 
Round to the nearest tenth of a percent. 


Sp 
IX 


IX _ 
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C H A P T E R 


The human resources department of a company Is involved 
in all areas of a company’s dealings and relationships with its 
employees. One member of this department is the employee 
benefits manager, who is responsible for the selection and 
administration of such company programs as retirement 
packages, profit-sharing plans, and group medical insurance. 
Because a benefits officer must compare benefits packages, 
an understanding of inequalities is important. 


Inequalities 


Objectives 


Section 9.1 

To write a set using the roster method 

To write a set using set-builder notation 
To graph an inequality on the number line 


Section 9.2 


To solve an inequality using the Addition 
Property of Inequalities 


To solve an inequality using the Multiplication 
Property of Inequalities 


To solve application problems 


Section 9.3 
To solve general inequalities 
To solve application problems 


Section 9.4 
To graph an inequality in two variables 


Calculations of Pi 


There are many early references to estimated values for 
pi. One of the earliest is from the Rhind Papyrus, which 
was found in Egypt in the 1800s. Scientists have 
estimated that these tablets were written around 

1600 B.c. The Rhind Papyrus contains the estimate 
3.1604 for pi. 


One of the most famous calculations of pi occurred 
around 240 B.c. and was performed by Archimedes. The 
calculation was based on finding the perimeter of 
inscribed and circumscribed six-sided polygons 
(hexagons). Once the perimeter for a hexagonal figure 
was calculated, known formulas could be used to 
calculate the perimeter of polygons with twice that 
number of sides. Continuing in this way, Archimedes 
calculated the perimeters for polygons with 12, 24, 48, 
and 96 sides. 


His calculations resulted in a value of pi between 3 and 


35. You might recognize 32 or = as an approximation 
for pi still used today. 


Calculations to improve the accuracy of pi continued. 
One French mathematician, relying on Archimedes’s 
method, estimated pi by using a polygon of 393,216 sides. 
A mathematician from the Netherlands estimated pi by 
using a polygon with over one million sides. 


Around the 1650s, new mathematical methods were 
developed to estimate the value of pi. These methods 
started yielding estimates of pi that were accurate to over 
70 places. By the 1850s, an estimate for pi was accurate 
to 200 places. 


Today, thanks to more refined mathematical methods and 
computers, estimates of the value of pi now exceed one 
million places. 


In 1914 an issue of Scientific American contained the 
following short note: 


“See, I have a rhyme assisting my feeble brain, 
its tasks oftimes resisting.” 


Can you see what this note has to do with the estimates 
for the value of pi? 


(Each word length represents a digit in the 
approximation 3.141592653579.) 


SSS 
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Example 1 
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9.1. se 


To write a set using the roster MethOd ..............cccccccceeeccsseesccseecscceesecseeees CT! 


Recall that a set is a collection of objects, which are called the elements of 
the set. 


The roster method of writing a set encloses a list of the elements in braces. 
The set of the last three letters of the alphabet is written {x, y, z}. 
The set of the positive integers less than 5 is written {1, 2, 3, 4}. 


m Use the roster method to write the set of integers between 0 and 10. 


A = {1, 2, 3, 4,5, 6, 7, 8, 9} ® A set can be designated by a capital 
letter. Note that 0 and 10 are not 
elements of the set. 


m» Use the roster method to write the set of natural nuimbers. 


A =71, 2,3, 4, ...} ® The three dots mean that the pattern of numbers continues 
without end. 


The empty set, or null set, is the set that contains no elements. The symbol @ 
or { } is used to represent the empty set. 


The set of people who have run a 2-minute mile is the empty set. 


The union of two sets, written A U B, is the set that contains the elements of A 
and the elements of B. 


«> Find A U B, given A = {1, 2, 3, 4} and B = {3, 4, 5, 6}. 
Alig Sire i Pea ers ora oY ® The union of A and B contains all the elements of 
A and all the elements of B. Any elements that are 


in both A and Bare listed only once. 


The intersection of two sets, written A Q B, is the set that contains the elements 
that are common to both A and B. 


=> Find AO B, given A = {1, 2, 3, 4} and B = (3, 4, 5, 6}. 


AN B= {3,4} ® The intersection of A and B contains the elements common to A and B. 


You Try It 1 


Use the roster method to write the set of Use the roster method to write the set of the 
the odd positive integers less than 12. odd negative integers greater than —10. 


Solution 
Asai ary 5 Oy LL} 


Your solution 


Solution on p. S21 
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Example 2 


You Try It 2 


Use the roster method to write the set of the Use the roster method to write the set of the 
even positive integers. odd positive integers. 


Solution 
APR AD Ope 


Example 3 
Find D U E, given 


Your solution 


You Try It 3 
Find A U B, given 


D = {6, 8, 10, 12} and A= — 2 le Oe tee ad 
eS ceb, LO a2 te B = {0, 1, 2, 3, 4}. 


Solution 


DIO 18, 6; 6, 


Example 4 

Find A  B, given 
A = {5, 6, 9, 11} and 
Bi=N5, 941315): 


Solution 
AM B= {5, 9} 


Example 5 

Find AO B, given 
A = {1, 2, 3, 4} and 
B=J8, 9, 10, 11}: 


Solution 
Noo 


Objective B 


POINT OF INTEREST 


The symbol € was first used in 
the book Arithmeticae 
Principia, published in 1889. It 
was the first letter of the Greek 
word ez which means “is.” 
The symbols for union and 
intersection were also 
introduced at that time. 


Your solution 
ern d al lpeatt 


You Try It 4 

Find CQ D, given 

C = {10, 12, 14, 16} and 
D = {10, 16, 20, 26}. 


Your solution 


You Try It 5 

Find A M B, given 

A ={—5, —4;—3, —2} and 
B = {2, 3, 4, 5}. 


Your solution 


Solutions on p. S21 


To write a set using set-builder notation vn 


Another method of representing sets is called set-builder notation. Using set- 
builder notation, the set of all positive integers less than 10 is represented as 


{x|x < 10, x € positive integers}, which is read “the set of all x such 
that x is less than 10 and x is an element of the positive integers.” 


=» Use set-builder notation to write the set of real numbers greater than 4. 


Weil 3 ee ; ae erie “ 
{x |x > 4, x € real numbers} * “x € real numbers” is read “x is an 


element of the real numbers.” 
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Example 6 
Use set-builder notation to write the set of 
negative integers greater than — 100. 


Solution 
{x|x > —100, x € negative integers} 


Example 7 
Use set-builder notation to write the set of 
real numbers less than 60. 


Solution 


Section 9.1 / Sets 


You Try It 6 
Use set-builder notation to write the set of 
positive even integers less than 59. 


Your solution 


You Try It 7 
Use set-builder notation to write the set of 
real numbers greater than —3. 


Your solution 


411 


{x|x < 60, x € real numbers} 
Solutions on p. S21 


Objective C_ To graph an inequality on the number line ..........ccccccccccccceeeseeseees {30} ) 
An expression that contains the symbol >, <, = 4e2 
i ter th <(i 
(is greater than or equal to), or S (is less than or pee inceealiens 


equal to) is called an inequality. An inequality 
expresses the relative order of two mathemati- x le yi 4 
cal expressions. The expressions can be either 

numerical or variable. 


An inequality can be graphed on the number line. 


=> Graph: x > 1 


The graph is the real numbers —- 
greater than 1. The circle at 1 indi- ? 
cates that 1 is not included in the 
graph. 


=> Graph: x = 1 


The dot at 1 indicates that 1 is 


: ; : iy B iocc y— hieatt eae We eh, 
included in the solution set. 


=> Graph: —1 > x 


Zip =x 1s equivalent tox = — I. The 
numbers less than —1 are to the left 


TAKE NOTE . of —1 on the number line. 


For the remainder of this 
section, all variables will 
represent real numbers. Using 
this convention, the expression 
{x|x > 4,x € real numbers} 
will be written as {x|x > 4}, 
as shown in the example at 
the right. 


The union of two sets is the set that contains all the elements of each set. 


=> Graph: {x|x > 4} U {x|x < 1} 


The graph is the numbers greater 
than 4 and the numbers less than 1. 


412 
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The intersection of two sets is the set that contains the elements common to 
both sets. 


=> Graph: {x|x > —1} MN {x|x < 2} 


The graphs of {x|x > —1} and {x|x < 2} LF ees See REL SS 


: “5 4-322 ah Oo? sooeaees 
are shown at the right. 
oe we wees latin ieee Ps 
The graph of {x|x > -—1}M {x\x < 2} is 
erap a Lae J 5 4-3? 10 Ol es ee 


the numbers between —1 and 2. 


Example 8 
Graph: x <5 


Solution 
The graph is the numbers less than 5. 


5 4-32-1012 3 4°55 


Example 9 
Graph: {x|x > —2} N {x|x < 1} 


Solution 
The graph is the numbers between —2 
and 1. 


af ttt tt tt 
-5 4 -3 2-1 0 eS a tees) 


Example 10 
Graphix | =5) Ul 3) 


Solution 
The graph is the real numbers. 


—5 4-3-2 -1 0 1°92 3 4 5 


Example 11 
Graphaicie = 3) U 14x < It 


Solution 
The graph is the numbers greater than 3 or 
the numbers less than 1. 


-5 -4 -3 -2 -1 Cao a Ate 


You Try It 8 
Graph 2x 


Your solution 


You Try It 9 
Graphedecle = — 1h Uxlx = 3} 


Your solution 


You Try It 10 
Graph: {x|x < 2} U {x|= —2} 


Your solution 


SS 
- 4-32-1012 3 4 5 


You Try It 11 
Graph: {x|x = 4}  {x|x = —4} 


Your solution 


4-3) 21 Oe) 


Solutions on p. S21 
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_ 9.1 Exercises 


© 


TREES 
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Objective A 


Use the roster method to write the set. 


1. the integers between 15 and 22 


3. the odd integers between 8 and 18 


5. the letters of the alphabet between a and d 


Find A U B. 


7. A={3,4, 5} B= {4,5, 6} 


9, A={-10,-9,-8} B= {8,9, 10} 


11. A = {a, b, d, e} B = {c, d, e, f} 


13. A={1,3,7,9} B ={7,9, 11, 13} 


Find AN B. 
15, 4-—= 13, 45} B= (4,5, 6} 


17. A= {-—4, -3, -2} B = {2, 3, 4} 


19) A =a, b, c,-d;e} B = {c, d,e, f, g} 


Objective B 
Use set-builder notation to write the set. 


21. the negative integers greater than —5 
23. the integers greater than 30 
25. the even integers greater than 5 


27. the real numbers greater than 8 


10. 


1. 


16. 


18. 


20. 


j2p4 


24. 


26. 


28. 


the integers between —10 and —4 
the even integers between —11 and —1 


the letters of the alphabet between p and v 


A = {-3, —2,-1} B = {-2, -1, 0} 
A = {a, b, c} B=, y, z} 

¢ 
A = {m, n, p, q} B = {m, n, o} 


A= =o 271 B=) 


A = {-4, -3,-2} B= {-6, —5, —4} 
A={1 2,3, 4} B = {1, 2, 3, 4} 


A = {m, n, 0, p} B = {k, 1, m, n} 


the positive integers less than 5 
the integers less than —70 
the odd integers less than —2 


the real numbers less than 57 
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ee Objective C 


@ 29. x>2 30. 
: oe 
i = -4 -3 2-1 0 12 3 4 5 ay hae oe i iL OD 


0) se 325) 4% 
SSS SSS aa eee 
A iy SUSE Sy ime oe ae te 2B 24. Bo} 4 6 4 ae 

tla 2) Ux lx =< —4} 34. {x(x > 4bU le = 2} 
= ee SS SS ae 
2 Bteetees 2 tO) dee, e845 25 4-3 =A) 05 Pca 
35. {x|x > -2}N {x <4} 36. {x|x > —3}N {x|x <3} 
2 ay mealies cage ea ae ~<a 
ee ay ah = =? al OM il Bw SB 2 & Sy ae rh Si 0 eh ES 
B 37. {x|x=-2}U ix|x <4} 38. {x|x>O0}U {x|x <4} 
e -5 -4 -3 2-1 012 3 4 5 5,4 352 =)) 0 1a 28 Sa 4a 


_ APPLYING THE CONCEPTS 


_ 39. Explain how to find the union of two sets. 


Explain how to find the intersection of two sets. 


Determine whether the statement is always true, sometimes true, or 
never true. 

a. Given that a > 0 andb <0, thenab > 0. 

b. Given that a < 0, then a’ > 0. 

c. Given that a > 0 and b <0, thena? > b. 


Lemna aete 
Ramet tee 


ee 


EPSPS Re DO ane 5 
So Saget pees a 


42. By trying various sets, make a conjecture as to whether the union of two 
sets 1s 
a. a commutative operation 
b. an associative operation 


peas! 
SSaesess 


oe 
<< 


ew aa 


te 
mare 


43. By trying various sets, make a conjecture as to whether the intersection 
of two sets is 
a. a commutative operation 
b. an associative operation 


an 


es 


ah Sa EER RIS 
choy ate ae 


PTCA 
aia: 


WO ae Te ye Nie aiayyne Arg i x SH ecrset Sorte 
Aiverearnd eis wie ee reve can oe Py ; EL yen sma eas NEMA RAAT 
Boe Si RESUS RL Sethe AORN Coen E 5 Sere Geta eseae ey eae RRS Seca eee Rae 
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The Addition and Multiplication 
Properties of Inequalities 


To solve an inequality using the Addition Property 


DIC QUGHTIOS ont) cose ee Ne ne Ae ee ee od. T30}) 


The solution set of an inequality is a set of numbers, each element of which, 
when substituted for the variable, results in a true inequality. 


The inequality at the right is true if the Bdge SS 

variable is replaced by 7, 9.3, or oo ee oe 
23 1-5 8 True inequalities 

= ap wees ts) 

The inequality x + 5 > 8 is false if the pen talg 
variable is replaced by 2, 1.5, or _ 1.5 +5 > 84 False inequalities 

+t+5>8 


There are many values of the variable x that will make the inequality x + 5 > 8 
true. The solution set of x + 5 > 8 is any number greater than 3. 


At the right is the graph of the See eae Sere sc a 
solution set of x + 5 > 8. 6-5 -4-3-2-10 1234 5 6 


In solving an inequality, the goal is to rewrite the given inequality in the form 


variable > constant or variable < constant. The Addition Property of Inequalities 
is used to rewrite an inequality in this form. 


Addition Property of Inequalities 


The same term can be added to each side of an inequality without 
changing the solution set of the inequality. 


lia) > fo ine a ae CS lor & 
lia< boinc 6< lp a° & 


The Addition Property of Inequalities also holds true for an inequality con- 
taining the symbol = or =. 


The Addition Property of Inequalities is used when, in order to rewrite an 
inequality in the form variable > constant or variable < constant, we must 
remove a term from one side of the inequality. Add the opposite of that term to 
each side of the inequality. 


wh Solve: x — 4 < -3 


LA < 3 
Kea 3 © Add 4 to each side of the inequality. 
aos © Simplify. 
At the right is the graph of the oe oe 


solution set of x — 4 < —3. egemeamacs op 0 1 O° 3-4 S58 
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Because subtraction is defined in terms of addition, the Addition Property 
of Inequalities allows the same term to be subtracted from each side of an 
inequality. 


mp Solve: 5x — 6 = 4x — 4 
5x —-6=4x -4 


Sy = 4G — 0 = 44 — 4 4 e Subtract 4x from each side of the inequality. 
a0 = 4 © Simplify. 
CaO = —41- 6 ® Add 6 to each side of the inequality. 
es © Simplify. 


Example 1 You Try It 1 
Solve and graph the solution set of Solve and graph the solution set of 
SSRiGe Seisy, ee Fe 


Solution Your solution 
3 °< ar S 
Chee 5) eee lee) 
= ZK 


Example 2 You Try It 2 
Solve: 7x — 14 = 6x — 16 Solve: 5x +3 >4%*+4+5 


Solution Your solution 
ix te = 6x — 16 
7x — 6x — 14 = 6x — 6x — 16 
5 
inlA 


Solutions on pp. S21—S22 


Objective B_ To solve an inequality using the Multiplication Property 
of Inequalities 


In solving an inequality, the goal is to rewrite the given inequality in the form 
variable > constant or variable < constant. The Multiplication Property of In- 
equalities is used when, in order to rewrite an inequality in this form, we must 
remove a coefficient from one side of the inequality. 
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TAKE NOTE 


Any time an inequality is 

multiplied or divided by a 

negative number, the 

inequality symbol must be 

reversed. Compare the next 

two examples. 

2X << —4A. Divide each side 

2Xsp— 4 by positive 2. 

a 2 Inequality is not 
ee SD) reversed. 


—2x <4 Divide each side 

—2x_ 4 by negative 2. 

“=? ~ —2 Inequality is 
x>-—2 reversed. 


Section 9.2 / The Addition and Multiplication Properties of Inequalities 417 


Multiplication Property of Inequalities 


Each side of an inequality can be multiplied by the same positive 
number without changing the solution set of the inequality. 


lf a> bandc > 0,then ac > be. 
lf a< band c => 0,then ac < be. 


If each side of an inequality is multiplied by the same negative 
number and the inequality symbol is reversed, then the solution set 
of the inequality is not changed. 


Ifa > band c < 0,then ac < be. 
lf a< band c < 0,then ac > be. 


5>4 
5(2) > 4(2) ® Multiply by positive 2. 
10235 ® Still a true inequality 
6<9 
6-3 )2= 0(— 3) ® Multiply by negative 3 and reverse the inequality. 
Ser S27/ ® Still a true inequality 


The Multiplication Property of Inequalities also holds true for an inequality 
containing the symbol = or =. 


=> Solve —Sx = 6 and graph the solution set. 


3 
= =r = 0 ; ; 2 
2 * Multiply each side of the inequality by 3" 
2 3 2 Because — a is a negative number, the inequality 
-=(-=x})=-=©) 3 
3 2 3 symbol must be reversed. 
Re —4 


© Graph x = —4. 


Because division is defined in terms of multiplication, the Multiplication 
Property of Inequalities allows each side of an inequality to be divided by a 
nonzero constant. 


mi» Solve: —4 < 6x 


=4 0% 
eas eZ Le © Divide each side of the inequality by 6. 
6 6 
2 —4 2 
esa X ° Si ify: =— 
3 Simplify Fs 3 


418 


Chapter 9 / Inequalities 


Example 3. Solve and graph the solution 
set of —7x > 14. 


Solution —7x > 14 
1X 14 
=, < eee 
=7/ =i 


Example 4 


Solution 


Example 5 

A student must have at least 450 points 
out of 500 points on five tests to receive 
an A in a course. One student’s results on 
the first four tests were 94, 87, 77, and 
95. What scores on the last test will 
enable this student to receive an A in 

the course? 


Strategy 

To find the scores, write and solve an 
inequality using N to represent the 
possible scores on the last test. 


Solution 


Total number | is greater 
of points on | than or 450 
the 5 tests equal to 


94+ 87+ 77+ 95 +N = 450 
353 + N = 450 

353 — 353 + N = 450 — 353 
N = 97 


The student's score on the last test must be 
equal to or greater than 97. 


You Try It3. Solve and graph the solution 
setiol —3% a2. 


Your solution 


Be ee een 


You Try It4 Solve: =x Za es: 


Your solution 


Solutions on p. S22 


You Try It 5 

An appliance dealer will make a profit on 
the sale of a television set if the cost of the 
new set is less than 70% of the selling price. 
What selling prices will enable the dealer to 
make a profit on a television set that costs 
the dealer $314? 


Your strategy 


Your solution 


Solution on p. S22 
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9.2 Exercises 


Objective A 


Solve and graph the solution set. 


(eet <3 hy Zw) 

eee 4u sie a?) 3 4S i iy ie) ae Sy eye oe 
3. x-—5>-2 4. x-3>-2 

ay 43 2 Si MD ih OD Be 4 =—5 —4 -3 —2 -—1 0 ff 2 3 4°55 
SS Sp 44! 6 3235+%x 

oy A=) =P Sh OM iy RD ss 2h =o th =e eo eh Oy il ee eS 

¢ 

7. x= 6 ='—-10 So SS 

a5 Ah jh ph Sey) aR he MG) oy ae ae a Sil (IE BS) 
Solve. 
Dee = — Le 105 eS 4 |B GRRE Yee eZ Se 
125 544 4 = 4 — 10 13. 8% —7 = ie—-2 14. 3n-—-9=2n-8 
ise 7 1608 on 7 ee 17. 45 = 8 =] 2 
18. 5b6-9<3+4b 19. 6 +4=5x -2 20. 7x —3=6x -2 


Pose Nee a nt AY) Dap A By gina Chee hen me Th 25 tee 
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Soe eS) 1 3 
sa ae : sh =e Ses 292 2 at 
CL Rees 28 Weenie Side 4 
1 1 > 5 Z 9 
eee a a = 23 —-—23b-— 
30. 6x qo 5 1% 3x + o> de +7 32. 4b D 16 
EIS GlRCHO A RCo aes) 345 1.26 = 0.2073 35. * 40 So 
SO 15.52.95 31 ea ae 38> —- 023 047 
Objective B 
Solve and graph the solution set. 
39. 3x < 12 40. 8k = -24 
het 38? 1.00 of 12153. 2475 =5 14s: 3b it ON eo es 
41. 15=<5y 42. —48 < 24x 
Peet or 204s =. <4 53 302i, Ol. a eae 
43. 16x = 16 44. 3x>0 


5 4-32-1012 3 4 5 


5 4-3 -2-1 012 3 4°55 
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49. —-5y=0 50. -—3z <0 51. 7x>2 52. 6x=-1 
i 5 3 2 
53. 2x =-5 54. Zn <5 55. 4x <12 56. 3724 
57. 10< x 58 ieee 59 Bete 60 ES ay: 
8 : r3 , a : Ate 
4 2 f| 3 2 
6a 12 pd a se eee ee 
7% 6 3% 5 63 5* <0 64 5 
3 9 3 6 4 8 ’ 3 5 
65, ——x=— 66.5 > 72 —— yes Cer = 
8. 44 a a Os aces OS ae 
8 16 
69. —5x2=-55 70. 1.5x < 6.30 71. 2.3x <= 5.29 72, 35d S735 
73. —0.24x > 0.768 74. 4.25m > —34 75.30 = —195 


Objective C Application Problems 


76. Three-fifths of a number is greater than two-thirds. Find the smallest 
integer that satisfies this inequality. 


1 
. 
| 


77. To be eligible for a basketball tournament, a basketball team must win 
at least 60% of its remaining games. If the team has 17 games remain- 
ing, how many games must the team win to qualify for the tournament? 


78. To avoid a tax penalty, at least 90% of a self-employed person’s total 
annual income tax liability must be paid by April 15. What amount of 
income tax must a person with an annual income tax liability of $3500 


pay? 
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prone late 
Epnl 
sa 


a, sith 
ideuen Fae tary 


Salis 


HST, 


80. 


81. 


82. 


83. 


84. 
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A service organization will receive a bonus of $200 for collecting more 
than 1850 lb of aluminum cans during its four collection drives. On the 
first three drives, the organization collected 505 Ib, 493 Ib, and 412 lb. 
How many pounds of cans must the organization collect on the fourth 
drive to receive the bonus? 


Computer software engineers are fond of saying that software takes at 
least twice as long to develop as they think it will. Applying that saying, 
how many hours will it take to develop a software product that an engi- 
neer thinks can be finished in 50 h? 


A government agency recommends a minimum daily allowance of vita- 
min C of 60 mg. How many additional milligrams of vitamin C does a 
person who drank a glass of orange juice with 10 mg of vitamin C need 
in order to satisfy the recommended daily allowance? 


To pass a course with a B grade, a student must have an average of 80 
points on five tests. The student's grades on the first four tests were 75, 
83, 86, and 78. What scores can the student receive on the fifth test to 
earn a B grade? 


A professor scores all tests with a maximum of 100 points. To earn an 
A grade in this course, a student must have an average of 92 on four 
tests. A student’s grades on the first three tests were 89, 86, and 90. Can 
this student earn an A grade? 


A health official recommends a maximum cholesterol level of 200 units. 
How many units must a patient with a cholesterol level of 275 units 
reduce her cholesterol level to satisfy the recommended maximum level? 


APPLYING THE CONCEPTS 


Given that a > b and that a and b are real numbers, determine for which real 
numbers c the statement is true. Use set-builder notation to write the answer. 


85. 


87. 


89. 


ac >bc 86. ac <bc 
atc>bte 88. at+c<btc 
a Ap 

—>= meee 
Cate CG -¢ 


In your own words, state the Addition Property of Inequalities. 


In your own words, state the Multiplication Property of Inequalities. 
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9.3 General Inequalities 
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Solve: 7x — 3 = 3x + 17 


Tie — oO = 3x a 7 
Vie 3 8S x 3% + 17 
4x —3 =17 
‘4x —-34+3517+3 
4x = 20 
MMe = PAY) 
— x= 
4 4 


2 hho) 


Example 1 


Solution 


You Try It 1 


Objective A T ] LOS Gre ey eae kt acoken sate tate een asivend, els 
j O SOlve general INEQUALITIES .....0.......cccccecccceseenecccccesevnenesccseerseeeseess [{30)) 
Solving an inequality frequently requires application of both the Addition and 
the Multiplication Properties of Inequalities. 
= Solve: 4y — 3 = 6y4+5 
AV Oy) 
4) OV = 3 1==6y — oy 5 ® Subtract 6y from each side of the inequality. 
S29 = BESS) © Simplify. 
NS ee eS ° Add 3 to each side of the inequality. 
LV 6 © Simplify. 
=2y 2s 38 © Divide each side of the inequality by —2. 
=) a) Because —2 is a negative number, the 
4 inequality symbol must be reversed. 
¥ 
When an inequality contains parentheses, one of the steps in solving the inequal- 
ity requires the use of the Distributive Property. 
mp Solve: —2(x — 7) > 3 —4(2x — 3) 
ee (A el) ya (24 83) 
= Viel? 33— 8x + 12 * Use the Distributive Property to 
remove parentheses. 
—Je tal4 > —87% 415 © Simplify. 
ae Oe L498 OX ons tO ® Add 8x to each side of the inequality. 
6x4 14-5715 © Simplify. 
Ov 14 — 145515 — 14 © Subtract 14 from each side of the inequality. 
° 6x > 1 © Simplify. 
Ox = - © Divide each side of the inequality by 6. 
6 
I 
eS 
6 


Solve: 5 — 4x > 9 — 8x 


Your solution 


Solution on p. S22 
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Example 2 
Solve: 
BC he Ge) 


Solution 
Bien 24) = or — 2s aw) 
OF 60 = OL ee 
0 OX =X AO 
OR BON ok tO AO) 
a eres V0) 
Nae S88 6 oie) 
yee = 1s) 
iS aS 
—————_— <= 
—3 =5) 
as 


VV WW WW 


Example 3 

A rectangle is 10 ft wide and (2x + 4) ft 
long. Express as an integer the maximum 
length of the rectangle when the area is 
less than 200 ft?. (The area of a rectangle 
is equal to its length times its width.) 


Strategy 
To find the maximum length: 


Replace the variables in the area 
formula by the given values and solve 
Ole 2. 

Replace the variable in the expression 
2x + 4 with the value found for x. 


Solution 
a 200 
less F42 
than 


10(2x + 4) < 200 
20x + 40 < 200 
20x + 40 — 40 < 200 — 40 
20x < 160 
20% 3/160 
— <= es 
20 20 
HES ts 
The length is (2x + 4) ft. Because x < 8, 
2x + 4 < 2(8) + 4 = 20. Therefore, the 
length is less than 20 ft. The maximum 
length is 19 ft. 


You Try It 2 
Solve: 
8 — 4(3x + 5) S 6(x — 8) 


Your solution 


Solution on p. S22 


You Try It 3 

Company A rents cars for $8 a day and $.10 
for every mile driven. Company B rents cars 
for $10 a day and $.08 per mile driven. You 

want to rent a car for one week. What is the 
maximum number of miles you can drive a 

Company A car if it is to cost you less than 

a Company B car? 


Your strategy 


Your solution 


Solution on p. S22 
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9.3 Exercises 


Objective A 
Solve. ‘ 
iho be = ey Re 
4. 3y+2>Ty 
7. 3x +2>5x —8 


10. 


13. 


LS: 


17. 


19. 


Zi. 


22. 


8x —9 > 3x -9 


22) =5) = 3(5 — 2y) 


B22 =x) 3(2— 5) 


4 — 33 —n) = 3(2 — 5n) 


2x — 3(« — 4) = 4 — 2% — 7) 


11. 


7x = 4 < 3x 


3 = Bye = Sue 


2n -9=5n+4 


On 180s) =x 


Objective B_) Application Problems 


14. 


16. 


18. 


20. 


v2: 
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13s = §33 SS Alre 


I@ = See = 74s 


By Abe Ae CS 


x0: 2150) 


2(5x — 8) S 7(x — 3) 


4(3d.— lr 3 25d) 


(iy Bin Oe Stee By) 


4+ 2(3 = 2y)=4Gyi— 5) — 6y 


The sales agent for a jewelry company is offered a flat monthly salary 
of $3200 or a salary of $1000 plus an 11% commission on the selling 
price of each item sold by the agent. If the agent chooses the $3200, 


what dollar amount does the agent expect to sell in one month? 


A baseball player is offered an annual salary of $200,000 or a base 
salary of $100,000 plus a bonus of $1000 for each hit over 100 hits. How 
many hits must the baseball player make to earn more than $200,000? 
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23. A computer bulletin board service charges a flat fee of $10 per month or 
a fee of $4 per month plus $.10 for each minute the service is used. How 
many minutes must a person use this service to exceed $10? 


24. A site licensing fee for a computer program is $1500. Paying this fee 
allows the company to use the program at any computer terminal 
within the company. Alternatively, the company can choose to pay $200 
for each individual computer it has. How many individual computers 
must a company have for the site license to be more economical for the 
company? 


25. Fora product to be labeled orange juice, a state agency requires that at 
least 80% of the drink be real orange juice. How many ounces of artifi- 
cial flavors can be added to 32 oz of real orange juice and have it still 
be legal to label the drink orange juice? 


26. Grade A hamburger cannot contain more than 20% fat. How much 
fat can a butcher mix with 300 lb of lean meat to meet the 20% 
requirement? 


27. A shuttle service taking skiers to a ski area charges $8 per person each 
way. Four skiers are debating whether to take the shuttle bus or rent a 
car for $45 plus $.25 per mile. Assuming that the skiers will share the 
cost of the car and that they want the least expensive method of trans- 
portation, find how far away the ski area is if they choose the shuttle 
service. 


APPLYING THE CONCEPTS 


28. Determine whether the statement is always true, sometimes true, or 
never true, given that a, b, and c are real numbers. 
a. Ifa > b, then —a > —b. 
b. If a <b, then ac < be. 
c. Ifa >b, theona +c>b + c. 


d. Ifa #0,b'40, anda>b, then — > ~ 


Use the roster method to list the set of positive integers that are solutions of 
the inequality. 


29. 7—2b=15=— 5b 30. -—6(2 —d)=4d-9 


Use the roster method to list the set of integers that are common to the solu- 
tion sets of the two inequalities. 


Sis Sele to 32. 3(x +2) >9x -2 
By en PA es 4(x + 5) > 3(x + 6) 


33. Determine the solution set of 2 — 3(x + 4) < 5 — 3x, 


34. Determine the solution set of 3x + 2(4 — 1) > 5(x + 1). 
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9.4 Graphing Linear Inequalities 


a 


Objective A To graph an inequality in two variables ........0.cccccccccccce coe CET) 
POINT OF INTEREST The graph of the linear equation y = x — 2 separates a plane into three sets: 


Linear inequalities play an 


important role in applied the set of points on the line 
mathematics. They are used in the set of points above the line 
a branch of mathematics called the set of points below the line 
linear programming, which was 
developed during World War II ; J a 
to solve problems in supplying The point (3, 1) is a so- Vane 2 
the Air Force with the machine lution of y = x — 2. 
parts necessary to keep planes I Se G,=1) 
flying. Today, its applications et below 
have been broadened to many - y<x-2 
other disciplines. 
ihe: point (3,05) eisrasso> Vee — 2 Any point above the line is a solu- 
luitioniofye= x= 2: 313-2 tlontof Wet. 
¢ 
Bae al 
emt DOMte (Syl) MiSn auny axe 2 Any point below the line is a solu- 
solution of y= x= 2: = lee tion olywiean =. 
=| <1] 


The solution set of y =x — 2 is all points on the line. The solution set of 
y >x — 2 is all points above the line. The solution set of y < x — 2 is all points 
below the line. The solution set of an inequality in two variables is a half-plane. 
The following illustrates the procedure for graphing a linear inequality. 

«> Graph the solution set of 2x + 3y =< 6. 


Solve the inequality for y. 


Die oy =.0 
2 le Vee OKO ® Subtract 2x from each side. 
SVS 2A 6 » Simplify. 
| ell < eet 6 ® Divide each side by 3. 
3 2) 
| 2 Mev 
Vet @ Simplify. 


3 


Change the inequality to an equality and 
graph y = =x +2. if theinequalityis = 


or s, the line is in the solution set and is 
shown by a solid line. If the inequality is > 
or <, the line is not a part of the solution set 
and is shown by a dotted line. 


If the inequality is > or =, shade the upper 
half-plane. If the inequality is < or S, shade 
the lower half-plane. 
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Example 1 
Graph the solution set of 3x + y > —2. 


Solution 
Xe Via 
Sa OMe ae She = Be 
Vea OK ee 
Graph y = —3x — 2 as a dotted line. 


Shade the upper half-plane. 
y 


Example 2 
Graph the solution set of 2x — y = 2. 


Solution 
2 Vie 2 
25 ee AY ree 2X 
Vi SOE ae pA 
1(—y) 2x ee) 
y 


Ds = 2D 


Graph y = 2x — 2 asa solid line. Shade 
the lower half-plane. 


Example 3 
Graph the solution set of y > 3. 


Solution 
Graph y = 3 as a dotted line. 
Shade the upper half-plane. 


You Try It 1 


Graph the solution set of x — 3y < 2. 


Your solution 


You Try It 2 


Graph the solution set of 2x — 4y = 8. 


Your solution 


You Try It 3 


Graph the solution set of x < 3. 


Your solution 


Solutions on pp. S22—S23 2 
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9.4 ‘Exercises | 


aS /0 Siac LOMO Ways Us! Me Xe ofa) 0s, ccd?” recanlegdanca pis Wits ilikw 


Objective A 


Graph the solution set. 


Poe yi 4. 


10. 5x+4y>4 
y 
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2: Oe ae 
Bh 

ye oe 6) Oa ey t-18 
DP ox es 4y 4 126 0 22) as 
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14. 204 2) = =4 155 — 45 7. See el 
at Hon coined 
al 


16. —4x + 5y<15 ih, 


APPLYING THE CONCEPTS 


Graph the solution set. 


19. aod 20, 2-344 D>y-G=x). 21. 4) - 2G ) =3 eae 
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| Focus on Problem Solving 


Graphing Data Graphs are very useful in displaying data. Highs and lows can be shown and 
trends observed from the graph. By showing the trends, predictions can be made 
for a future time by assuming that these trends will continue. 


P. The bar graph at the left 
» depicts U.S. voter turnout 
during presidential election years 
and during off-year elections. 


f Off-Year gf Presidential Year 


60% 


The heights of the bars indicate 
the percents of eligible voters 
who cast ballots. 


50% 


40% 


1. During which presidential 
election years was voter 

30% turnout greater than 60%? 

2. During which off-year elec- 
tions was voter turnout less 


than 40%? 

3. During which presidential 
election years was voter 
turnout less than 50%? 


| 20% 
10% 


0% 


4. Write a paragraph describ- 
i ing any pattern you see in 
the graph. 
5. Using any patterns that you may have observed, make a prediction about 
voter turnout in 1998 and 2000. 


¢ The table at the right shows the Year Number Year Number 
. number of mobile phone users 29 Bi | 93 16.0 
(in millions) for the years 1988 to 89 3.5 94 24.1 

| 1996. 90 Se) 195 33.8 

| 91 Tso) 96 44.0 

j 92 11.0 


6. Make a bar graph of the number of mobile phone users. 


| 7. Note the trend that this bar graph indicates. Do you expect the number of 
mobile phone users to be closer to 48 million, 55 million, or 80 million 


g in 1997? 
E PR. The federal budget deficit (in billions) since 1980 is shown below. The 
| = > deficits for the years 1997, 1998, and 1999 are estimates made by the Office 
| = of Management and Budget. 
 ; 
2 Year Deficit Year Deficit Year Deficit Year Deficit Year Deficit 
{ (! 80 73.8 "84 iNehSi48) 88 ISS 2 92 290.4 96 107.3 
g 81 78.9 85 VAS 89 152.5 93 Pe SyAG) 97 67.0 
g "82 WATS) "86 Wy Ned 90 22eZ 94 203.1 98 90.0 
4, 83 207.8 87 149.8 ‘91 269.4 95 163.9 99 90.0 
= 
D4 8. Make a bar graph showing the federal budget deficits. 
é 9. During which consecutive three-year period was the deficit the greatest? 
¢ 10. Write a paragraph describing any pattern you see in the graph. 
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Mean and Standard 
Deviation 


| Projects and Group Activities 


An automotive engineer tests the miles-per-gallon ratings of 15 cars and records 
the results as follows: 


DDD 2 19827 Ps B58 29S 5 2 2 Boece 


The mean of the data is the sum of the measurements divided by the number of 
measurements. The symbol for the mean is x. 


— sum of all data values 


Mean = x = 
number of data values 


To find the mean for the data above, add the numbers and then divide by 15. 


25 22) 2A 27 25485 + 29) ll oi 20 ae Oat teen ieee 
i) 


eS 


The mean number of miles per gallon for the 15 cars tested was 28 mi/gal. 


The mean is one of the most frequently computed averages. It is the one that is 
commonly used to calculate a student’s performance in a class. 


The scores for a history student on 5 tests were 78, 82, 91, 87, and 93. What was 
the mean score for this student? 


To find the mean, add the numbers. Then divide a io eee 


5 
by 5. 
= 5 = 86.2 


The mean score for the history student was 86.2. 


Consider two students, each of whom has taken 5 exams. 


_ Scores for Student A Scores for Student B 


(e486 [83 [8587 [90 [75] 94] 68/93 


= 84 + 86 + 83 + 85 + 87 

ote 87 242511 Sa WRO0 He TS 11947 68 98 Se 
5 5 5 5 

The mean for Student A is 85. The mean for Student B is 85. 


For each of these students, the mean (average) for the 5 exams is 85. However, 
Student A has a more consistent record of scores than Student B. One way to 


measure the consistency, or “clustering” near the mean, of data is to use the 
standard deviation. 


To calculate the standard deviation: 


Step 1. Sum the squares of the differences between each value of the data and 
the mean. 


Step 2. Divide the result in step 1 by the number of items in the set of data. 
Step 3. Take the square root of the result in step 2. 
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The calculation for Student A is Step 1: x x—X (x — x) 

shown at the right. SAle aes smn) 
86 86. 85 =] 
83 O35 18) (2)? =4 
85 oD = 85 0? = 
87 S785 = 

Total = 10 
HeLO! 
The symbol for standard deviation is ALC ces 4 


the lower case Greek letter sigma, o. Step 35 co = V2 = 1:414 


The standard deviation for Student As scores is approximately 1.414. 


Following a similar procedure for Student B shows that the standard deviation 
for Student B’s scores is approximately 11.524. Because the standard deviation 
of Student B’s scores is greater than that of Student Ass (11.524 > 1.414), Stu- 
dent B’s scores are not as consistent as those of Student A. 


1. 


The weights in ounces of 6 newborn infants were recorded by a hospital. The 
weights were 96, 105, 84, 90, 102, and 99. Find the standard deviation of the 
weights. 


? 


. The numbers of rooms occupied in a hotel on 6 consecutive days were 234, 


321, 222, 246, 312, and 396. Find the standard deviation for the number of 
rooms occupied. 


. Seven coins were tossed 100 times. The numbers of heads recorded for each 


coin were 56, 63, 49, 50, 48, 53, and 52. Find the standard deviation of the 
number of heads. 


. The temperatures for 11 consecutive days at a desert resort were 95°, 98°, 


98°, 104°, 97°, 100°, 96°, 97°, 108°, 93°, and 104°. For the same days, tem- 
peratiires ineAntarctica were. 27.0 28 725530.) 28> 527 se pee ae 
26°, and 21°. Which location has the greater standard deviation of 
temperatures? 


. The scores for 5 college basketball games were 56, 68, 60, 72, and 64. The 


scores for 5 professional basketball games were 106, 118, 110, 122, and 114. 
Which scores have the greater standard deviation? 


. The weights in pounds of the 5-man front line of a college football team are 


210, 245, 220, 230, and 225. Find the standard deviation of the weights. 


. One student received test scores of 85, 92, 86, and 89. A second student 


received scores of 90, 97, 91, and 94 (exactly 5 points more on each test). Are 
the means of the two students the same? If not, what is the relationship 
between the means of the two students? Are the standard deviations of the 
scores of the two students the same? If not, what is the relationship between 
the standard deviations of the scores of the two students? 


. Grade-point average (GPA) is a weighted mean. It is called a weighted mean 


because a grade in a 5-unit course has more influence on your GPA than a 
grade in a 2-unit course. GPA is calculated by multiplying the numerical 
equivalent of each grade by the number of units, adding those products, and 
then dividing by the total number of units. Calculate your GPA for the last 
quarter or semester. 


434 


Chapter 9/ Inequalities 


Key Words 


Essential Rules 


9. If you average 40 mph for 1 h and then 50 mph for 1 h, is your average speed 


“ = 45 mph? Why or why not? 


10. A company is negotiating with its employees the terms of a raise in salary. 
One proposal would add $500 a year to each employee's salary. The second 
proposal would give each employee a 4% raise. Explain how each of these 
proposals would affect the current mean and standard deviation of salaries 
for the company. 


| Chapter Summary 


A set is a collection of objects. The objects of a set are called the elements of 
tineesets 


The roster method of writing a set encloses a list of the elements in braces. 
The empty set, or null set, written © or { }, is the set that contains no elements. 


The union of two sets, written A U B, is the set that contains all the elements of 
A and all the elements of B (any elements that are in both sets A and B are listed 
only once). 


The intersection of two sets, written A M B, is the set that contains the elements 
that are common to both A and B. 


An inequality is an expression that contains the symbol <, >, S, or =. 


The solution set of an inequality is a set of numbers, each element of which, when 
substituted for the variable, results in a true inequality. The solution set of an 
inequality can be graphed on the number line. 


The solution set of an inequality in two variables is a half-plane. 


Addition Property of Inequalities 
The same term can be added to each side of an inequality without changing the 


- solution set of the inequality. 


Ifa>b,thena+c>b+te. 
Ifa<b,thenat+c<bte. 


The Addition Property of Inequalities also holds true for an inequality contain- 
ing the symbol = or S. 


Multiplication Property of Inequalities 


Each side of an inequality can be multiplied by the same positive number with- 
out changing the solution set of the inequality. 


Ifa > bandc > 0, then ac > be. 
Ifa <bandc > 0, then ac < be. 


If each side of an inequality is multiplied by the same negative number and the 


inequality symbol is reversed, then the solution set of the inequality is 
not changed. 


If a > b andc < 0, then ac < be. 
If a < b andc < 0, then ac > be. 


The Multiplication Property of Inequalities also holds true for an inequality 
containing the symbol = or S. 
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| Chapter Review 


11. 


1 WAY. 


Solve: 2x —-3 >x +15 


Use set-builder notation to write the set of 
odd integers greater than —8. 


Use the roster method to write the set of odd 
positive integers less than 8. 


Graphix > 3 


=o—-4 =3 —2 =1 0 1 2.:3+4,5 


Graph3e aay S112 


Use set-builder notation to write the set of 
real numbers greater than 3. 


Find A 9 B, given A = {1, 5, 9, 13} and 
Beas bore Oh 


2. Find ANB, given A = {0,2, 4,6, 8} and 
B = {-2, —4}. 


4. Find A UB, given A = {6, 8, 10} and 


B = {2, 4, 6}. 


6: Solvesl2 4" l= ot) 


8. Solve: 3x + 4=-8 


10° Graph:o* 722) = 6 


12. Solve and graph the solution set of 


5 oe 
<+—-+-+-+-++-++-+++ > 
2524023 22 =1.°0. f 2 3 455 


14. Graph: {x|x < 2} U {x|x > 5} 


a ee ee Ce 
Syed eee ale 0. ol. (2 


436 


15. 


he 


19. 


21. 


22: 


25: 


24. 


23: 


Chapter 9 / Inequalities 


Graphs4x|z > — 1} Manet 16. Solve: —15x = 45 


pp tt ttt 
—-5 -4 -3 -2-1 0 1 2 4 5 


Solve: 6x — 9 < 4x + 3(x + 3) 18. Solve: 5 — 4(x + 9) > 11(12x — 9) 


r>2 20. Graph: 2x — 3y <9 


y 


Solve: 7x — 2(x + 3)=x+ 10 


Florist A charges a $3 delivery fee plus $21 per bouquet delivered. Florist B 
charges a $15 delivery fee plus $18 per bouquet delivered. A church wants 
to supply each resident of a small nursing home with a bouquet for 
Grandparent's Day. Find the number of residents of the nursing home if 
Florist B is more economical than Florist A. 


The width of a rectangular garden is 12 ft. The length of the garden is 
(3x + 5) ft. Express as an integer the minimum length of the garden when 
the area is greater than 276 ft’. (The area of a rectangle is equal to its length 
times its width.) 


Six less than a number is greater than twenty-five. Find the smallest 
integer that will satisfy the inequality. 


A student's grades on five sociology tests were 68, 82, 90, 73, 95. What is the 
lowest score the student can receive on the next test and still be able to 
attain a minimum of 480 points? 


(3x + 5) ft 


pe ee gee 
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| Chapter Test 


1. Graph: {x|x < 5} {x|x > 0} 2. Use set-builder notation to write the set of 


See (sue ELS a the positive integers less than 50. 
-5-4-3-2-10123 45 


3. Use the roster method to write the set of the 4, Solve: 32¢— 3) = se -9 
even positive integers between 3 and 9. 


5) Solve: x + : = 2 6. Graph: x > —2 
at tt ttt 
25 ares OPN. 4s 
ie -Solve-5 — 3x >8 8. Use set-builder notation to write the set of 
the real numbers greater than —23. 
9. Graph the solution set of 3x + y > 4. 10. Graph the solution set of 4x — 5y = 15. 


11. Find ANB, given A= {6,8, 10,12} and 12. Solve and graph the solution set of 


B = {12, 14, 16}. 1 Naat eee 
SSS 
-5 -4-3-2-1 0 12 3 4 5 


13. Solve: —2x <5 14ln Solvetler 23 03x) —4Q0'7) 
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15. Solve and graph the solution set of ox 2h 16. Solve: 2x —7 = 6x + 9 


SSCS SSS 
-5 -4-3-2-1 0123 4 5 


17. To ride a certain roller coaster at an amusement park, a person must be 
at least 48 in. tall. How many inches must a child who is 43 in. tall grow 
to be eligible to ride the roller coaster? 


18. A rectangle is 15 ft long and (2x — 4) ft wide. Express an integer as the 
maximum width of the rectangle if the area is less than 180 ft?. (The 
: ; ; : : (2x — 4) ft 

area of a rectangle is equal to its length times its width.) 


15 ft 


19. A ball bearing for a rotary engine must have a circumference between So 
0.1220 in. and 0.1240 in. What are the allowable diameters for the bear- 
ings to the nearest ten-thousandth of an inch? Recall that C = zd. 


20. A stockbroker receives a monthly salary that is the greater of $2500 or 
$1000 plus 2% of the total value of all stock transactions the broker 
processes during the month. What dollar amounts of transactions did the 
broker process in a month for which the broker's salary was $2500? 
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| Cumulative Review 


1. 


11. 


13. 


15. 


Simplify: 2[5a ei (22d) 6 


SOW. ce Six - i — 3)i= 2 
; ae, PU 
Simplify: (—3ab 


Given f(x) = x? — 4x — 5, find f(-1). 


: d ee  OX” 6G 
Simplify: x—2ek—8 x?-%xe+12 


Find the slope of the line that passes through 
the points (2, —3) and (1, 4). 


Solve by substitution. 
x=3y+1 
Lik Sy = 13 


2: 


10. 


12; 


16. 


yo eens 
Solve: 5 4x 5 
Simplify: (—3a)(—2a*b’)? 


Simplify: (16x? — 12x — 2) + (4x — 1) 


Factor: 27a’x? — 3a? 


: pea 2a 
Simplify: ES TG 
Solve R = £ - S for C. 


Find the equation of the line that passes 


through the point (1, —3) and has slope —5. 


Solve by the addition method. 
Oly = 17 
Dita s ys 1 
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iz. 


Lo: 


BAK 


23. 


24. 


23. 


26. 


20. 


Chapter 9 / Inequalities 


3 


Find A U B, given A = {0, 1, 2} and 18. Use set-builder notation to write the set of 
B= 10" 2). the real numbers less than 48. 
Graph: {x|x > 1} U {x|x < —1} 20. Graph the solution set of =x eahai 
SS SSS SS SS ae <<} —} —} — +} 
Ee yes ae 35 24755 2 G0 ee es ae 
Solve: —3x > 12 22. Solve: 15 — 3(5x — 7) < 2(7 - 2x) 


Three-fifths of a number is less than negative fifteen. What integers satisfy 
this inequality? Write the answer in set builder notation. 


Company A rents cars for $6 a day and $.25 for every mile driven. Com- 
pany B rents cars for $15 a day and $.10 per mile. You want to rent a car 
for 6 days. What is the maximum number of miles you can drive a Com- 
pany A car if it is to cost you less than a Company B car? 


In a lake, 100 fish are caught, tagged, and then released. Later, 150 fish are 
caught. Three of the 150 fish are found to have tags. Estimate the number 
of fish in the lake. 


The first angle of a triangle is 30 degrees more than the second angle. The 
third angle is 10 degrees more than twice the second angle. Find the 
measure of each angle. 


Graph: y = 2x — 1 


28. Graph the solution set of 6x — 3y = 6. 
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CGC H A P T E R 


Drafters prepare detailed drawings from sketches and 
specifications made by architects, designers, engineers, and 
scientists. Usually drafters specialize in a particular field, 
such as architectural, civil, mechanical, electrical, or 
aeronautical drafting. The study of radical expressions is 
important for drafters as working with right triangles requires 
radicals. See Section 4 of this chapter. 


Radical Expressions 


Objectives 


Section 10.1 
To simplify numerical radical expressions 
To simplify variable radical expressions 


Section 10.2 
To add and subtract radical expressions 


Section 10.3 
To multiply radical expressions 
To divide radical expressions 


Section 10.4 


To solve an equation containing a radical 
expression 


To solve application problems 


A Table of Square Roots 


The practice of finding the square root of a number has 
existed for at least two thousand years. Because the 
process of finding a square root before the invention of 
the calculator was tedious and time-consuming, it was 
convenient to have tables of square roots. 


The table shown at the left is part of an old Babylonian 
clay tablet that was written around 350 B.c. It is an 
incomplete table of square roots written in a style called 
cuneiform. 


The number base of the Babylonians was 60 instead of 
10, as we use today. The symbol Y was used for 1, and 
10 was written as 4. Some examples of numbers 
written in this system are given below. 


Translations of the first two lines of the table are given 
below. The number given in parentheses is the equivalent 
base-10 number that would be used today. You might try 
to translate the third line. The answer is given at the 
bottom of this page. 


40 x 60 + 1 (= 2401), which is the square of 49 
41 x 60 + 40 (= 2500), which is the square of 50 


Answer: 43 X 60 + 21 (= 2601), which is the square of 51 


SS SSS 
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10.1 Introduction to Radical Expressions 


Objective A To simplify numerical radical expreSSiONS ..........0ccc00ccccccceccceceeseees CE) | 


A square root of a positive number x is a number whose square is x. 


A square root of 16 is 4 because 4” = 16. 
A square root of 16 is —4 because (—4)? = 16. 


POINT OF INTEREST Every positive number has two square roots, one a positive and one a negative 
; number. The symbol V , called a radical sign, is used to indicate the positive or 
The radical symbol was first 


used in 1525 but was written as principal square root of a number. For example, V16 = 4 and V25 = 5. The 
/. Some historians suggest number under the radical sign is called the radicand. 
that the radical symbol also 


developed into the symbols for ‘ : Z é ; 
diggs than” and®qraaterthan” When the negative square root of a number is to be found, a negative sign is 


Because typesetters of that placed in front of the radical. For example, -V 16 = —4 and —V25 = —5. 
¢ 


time did not want to make 


additional symbols, the radical : 6 sal 

ae che WEG The square of an integer is a perfect 7” = 49 

and used as a “greater than” square. 49, 81, and 144 are examples of 9 = 81 

symbol and rotated to ~ and perfect squares. 122 = 144 

used for the “less than” 

symbol. Other evidence, 3 E 5 

RoWeVeE suggests tat the An integer that is a perfect square can be 49=7-7=T7 

“less than” and “greater than” written as the product of prime factors, 81=3-3:-3-3=3' 

symbols were developed each of which has an even exponent when WA4 ieee? 2-2 2 2-3 3 23" 


independently of the 


expressed in exponential form. 
radical symbol. 


mp Simplify V 625. 


BAKE NOTE V IRAs © Write the prime factorization of the radicand 
To find the square root of a in exponential form. 
perfect square written in = 5? 


exponential form, remove the ® Remove the radical sign and multiply the 


radical sign and multiply the 1 
exponent by -. 


1 
exponent by —. 2 


ae = 25 © Simplify. 


If a number is not a perfect square, its square root can only be approximated. For 
example, 2 and 7 are not perfect squares. The square roots of these numbers are 
irrational numbers. Their decimal representations never terminate or repeat. 


V2 =~ 1.4142135--- V7 = 2.6457513-:- 


A radical expression is in simplest form when the radicand contains no factor 
greater than 1 that is a perfect square. The Product Property of Square Roots is 
used to simplify radical expressions. 


The Product Property of Square Roots 


If aand b are positive real numbers, then V ab = Va- Vb. 
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=> Simplify: V 96 


V96 = V2°:3 e Write the prime factorization of the 
radicand in exponential form. 
= \/24(2) 23) e Write the radicand as a product of a perfect 


square and factors that do not contain a 
perfect square. 


SAV ay oa e Use the Product Property of Square Roots. 
= 27/6 ° Simplify. 
= 46 


=» Simplify: V 360 


V360 = WV 2233725 e Write the prime factorization of the 
radicand in exponential form. 
ma \/ (22 37) (255) ¢ Write the radicand as a product of perfect 


squares and factors that do not contain a 
perfect square. 


SN 24 V2 5S e Use the Product Property of Square Roots. 
(2523) V 10 © Simplify. 
= 6V10 


From the last example, note that V360 = 6V 10. The two expressions are differ- 
ent representations of the same number. Using a calculator, we find that 
V 360 ~ 18.973666 and 6V 10 = 6(3.1622777) = 18.9736662. 


=» Simplify: V—16 


Because the square of any real number is positive, there is no real number 


whose square is —16.  —16 is not a real number. 


Example 1 Simplify: 3/90 You Try It1 Simplify: —5\/32 
Solution 3/90 = 3V2- 32-5 Your solution 
a (2) 
= 3V3?V2-5 
= 3-3V10 = 9V10 


Example 2 Simplify: V252 You Try It2 Simplify: V216 
Solution 252 = V2?- 32-7 Your solution 
= Ve eV7 
= DES Val 
= 6/7 


Solutions on p. S23 
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© 


Objective B_ To simplify variable radical expressions ............cccc0ccccccccccccesseseeeees (5) 


Variable expressions that contain radicals do not always represent real numbers. 
For example, ifa = —4, then 


Va = V-4P = V—64 


and V —64 is not a real number. 


Now consider the expression Vx’. Evaluate this expression for x = —2 and 
x= 2. 

vz vz 

V(-2P = V4 =2=|-2| V2? =V4=2=(2| 


This suggests the following: 

For any real number a, Va? = |a|. If a = 0, then Va? = a. 
In order to avoid variable expressions that do not represent real numbers, and so 
that absolute-value signs are not needed for certain expressions, the variables in 


this chapter will represent positive numbers unless otherwise stated. 


A variable or a product of variables written in exponential form is a perfect 
square when each exponent is an even number. 


To find the square root of a perfect square, remove the radical sign and multiply 


each exponent by 7 
=» Simplify: Va° 
3 , : : 1 
N/ = a © Remove the radical sign and multiply the exponent by 7 


A variable radical expression is in simplest form when the radicand contains no 
factor greater than 1 that is a perfect square. 


=» Simplify: Vx’ 


N/ Big N/ oe * Write x’ as the product of a perfect square and x. 
= Vxov\/x © Use the Product Property of Square Roots. 
=—N x * Simplify the perfect square. 


= Simplify: 3xV 8x’y"? 


3xV 8x3y3 = 3xV 23x33 Write the prime factorization of the coefficient 
of the radicand in exponential form. 
= 3¢V 27x’y2(2xy) ° Write the radicand as a product of perfect 
squares and factors that do not contain a 
perfect square. 
= 34V 27x? y?V 2xy e Use the Product Property of Square Roots. 
= 3x - 2xy®V 2xy ® Simplify. 
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= 6x*y°V/2xy 
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=p Simplify: V25(x« + 2)? 
V25 (ee) 2 = V ora) 
==95 (oz) 


° Write the prime factorization of 25 in 
exponential form. 


= 5x + 10 


Example 3 
Simplify: Vb" 


Solution 


Vb = Vb5-b = Vb5- Vb = b'Vb 


Example 4 

Simplify: V 24x° 

Solution 

ND AN) 25 3 ND 3) 
N/A 2X 
= 2x?\/6x 


Example 5 

Simplify: 2aV 18a*b'° 

Solution 

DON Sa. e220 Vt a5 a 
= 2aV 37a*b'°(2a) 
= 2aV Fa 2a 
= 2a - 3ab°V 2a 
= 6ab°\V/ 2a 


Example 6 
Simplify Va 6(ee 5) 


Solution 
V L6G 5)? = V7 27 (GS)? 27 (5) 
= 4(x + 5) = 4x + 20 


Example 7 


Simplity2V/- 4 1007925 


Solution 


You Try It 3 
Simplify: Vy? 


Your solution 


You Try It 4 
Simplify: V 4557 


Your solution 


You Try It 5 
Simplify: 3aV 28a°b'® 


Your solution 


You Try It 6 
Simplify: V25@-3)7 


Your solution 


You Try It 7 
Simplify: Vx? + 14x + 49 


Your solution 


Solutions on p. S23 
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_ 10.1 Exercises - 


Objective A 
Simplify. 
1 -V16 2. “Vio 3. V49 4. V144 Sree 2 Che WW) 
why NR 85 v.12 9. 6V18 10. —3V48 11. 5V40 iz 228 
Foe VALS) 14. V21 15) V9 1670-y 13 Lie 72 18. 11V80 
19. V45 2055 Vi225 LS WAY 22a 210 23 16.128 24. 9V 288 


Find the decimal approximation rounded to the nearest thousandth. 


25. V240 26. V300 21 N2D38 28. V600 ZIRONA2S6 30. V324 


Objective B 


Simplify. 
31. Vxé 32. Vx? 33. Vy!5 34. Vy! 
S5.niIVGe 36. Va'e 3 lst INA 38. nee 
39. V4x' 40. V25y° 41. V24x? 42. Sees 
2 43. 60x 44, V72y7 45. /49a'b® 46. \/144x%8 
5 
La 
Q, 
E 2 
e AT. \V/18x5y7 48. V32a5b" 49. V/40x!y7 50. V72xy3 
ia 
A 
= 51. V80a% 52. V96a°? 53. 2V16a2b3 54. 5V25a%b? 
ie) 
+ 
: 
(Ss) 
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55. xVxtv? 56. vv oye 57. 4V/20a*%s’ 58. 5V12ad* 

59. 3xV 12ey? 60. 4vV 18&5\" 61. 2?V8&eV 62. 3yV27xs 

63. V25(@ + 4° 64. V8ie+y) 65. V4(x + 2) 66. \%r +2" 

67. Veit 4x4 68. Vb? + 8b + 16 69. Vyt+2y+1 70. \ai+ea +9 
APPLYING THE CONCEPTS | 


71. If@ and b are positive real numbers, does Va + 6 = Va + VO? If not, 
give an example in which the expressions are not equal. 


ae. Find the two-digit perfect square that has exactly nine factors. 
. Find two whole numbers such that their difference is 10, the smaller 
number is a perfect square, and the larger number is two less than a 


perfect square. 


op 


73. Describe in your own words how to simplify a radical expression. 
74, Explain why 22 is in simplest form and V8 is not in simplest form. 
75. Use the roster method to list the whole numbers between V8 and \ 90. 


76. Simplify. Assume that no radicand is negative. 
a. Vet hb. V4@eb* — 4a c. V(x — y?)(x — y) 


77. You are to grade the solution to the problem “Write V72 in simplest \72=\V4\I18 
form.” Is the solution correct? If not, what error was made? What is the =2 
correct solution? 


78. Simplify. 
a. V\V/16 b. VV8I1 


a 


=z 


Ts 


b. VV/17 


80. Given /(x) = V 2x — 1, find each of the following. Write your answer in 
simplest form. 
a. 7) b. 715) ce. fll4) 
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a eee one nal te 


10.2. Addition and subtraction of 
~4i Radical Expressions 


Objective A To add and subtract radical expressions ............:0.cccccccesseceeesvenes (725) 


The Distributive Property is used 5V2 + 3V2 =(5 + 3)V2 = 8V2 

to simplify the sum or difference =. 

of radical expressions with like 6V 2x — 4V2x = (6 — 4)V 2x = 2V 2x 
radicands. 


Radical expressions that are in sim- 2V3 + 4/2 cannot be simplified 
plest form and have unlike radi- by the Distributive 
cands cannot be simplified by the Property. 
Distributive Property. 


¢ 


~» Simplify: 4V8 — 10V/2 


4V/8 — 10V2 = 4V/2? — 10V2 e Write the prime factorization of the 
radicands. 
= 4\/2?-2 — 10V2 
= 4V/2*V/2 — 10V2 e Use the Product Property of Radicals. 
=4-2V/2 -10V2 
= 8V2 - 10V2 
= (8 — 10)V2 * Simplify the expression by using 
= —2\/2 the Distributive Property. 


= Simplify: 8V 18x — 2V32x 
8V 18« — 2V 32x = 8V2 - 3x — 2V2°*« Write the prime factorization of 


the coefficients of the radicands. 
= 37 2D JUD + De 
= 8V3°V2x — 2V24*V 2x e Use the Product Property 
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of Radicals. 
=8-3V2x -2-2?V2« 
= 24V 2x — 8V2x 
= (24 — 8)V/2x * Simplify the expression by using 
= 16V/2x the Distributive Property. 
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Example 1 


Simplify: 5V2 — 3V2 + 12V2 


Solution 


SW) OL SOV NE 


Example 2 

Simplify: 3V12 — 5V27 

Solution 

BVA2 = 527 = BV 223 —5V3° 
= 3V2?V3—5V37V3 
= 3-3 — 553 
= 6V3 — 15V3 
= —9V3 


Example 3 


Simplify: 3V/12x3 — 2x«V3x 
Solution 
3V12x3 — 2xV3x 
= 3V/2?-3- x3 — 2xV3x 
= 3V2? - x2\V/3x -— 2xV3x 
Spee ay Or tN Ot 
= 6xV3x — 2xV3x 
= 4xV 3x 


Example 4 
Simplify: 2xV8y — 3V2x2y + 2V32x2y 
Solution 
2xV8y — 3V2x2y + 2V32x2y 
= 2xV23y — 3V2x*y + 2V25x2y 
= 24V 2? 2y.— 3VX7V/ 2y + 224 2y 
= 2x -2V2y —3-xV2y +2-2?-xV2y 
= 4xV2y — 3xV2y + 8xV2y 
= 9xV 2y 


You Try It 1 
Simplify: 9V3 + 3V3 — 18V3 


Your solution 


You Try It 2 
Simplify: 2V50 — 5V32 


Your solution 


You Try It 3 
Simplify: yV 28y + 7V 63y? 


Your solution 


You Try It 4 


Simplify: 2V27a> — 4aV 12a? + a?V75a 


Your solution 


Solutions on p. S23 
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10.2 Exercises 


1. 


13. 


16. 


19. 


22. 


25. 


28. 


31. 


Objective A 


Simplify. 


V2 + V2 


—3V 11 - 8v iI 


BVy — 10Vy 


3xV2 —xV2 


—5bV/ 3x — 2bV 3x 


V45 125 


4/128 — 3V32 


5V 4x — 3V 9x 


—2V By? + 5V32y’ 


3x4V/12% —'5V 27x 


2aV Bab? — 2bV 2a’ 


2. 


6. 


10. 
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35 + 8V5 


—3V/3 —- 5V3 


—5V 2a + 2V 2a 11. —2V3b — 9V3b 


14. 


20. 


23. 


26. 


29, 


32. 


35. 


6 a7 tN 


2yV3 — WV3 


3V xy — BV xy 


V32 — V98 


5V 18 — 2V75 


_3V/25y + 8V49y 


Vay? — 3yV xy 


2aV 50a + 7V 32a? 


b’Vaeb + 3a*Vab> 


q. W<x+ 8Vx 


12. 


15. 


18. 


21. 


24. 


21. 


30. 


4. 4V5 -10V5 


3Vy + 2Vy 


—7V5a — 5V5a 


2aV 3a — 5aV 3a 


—4V/ xy + 6Vxy 


A/D ANS 


5V75 — 2V18 


3V 3x2 — 5V 27x? 


4aVb2a — 3bV ab 


ay V8s — TV 1893 


yVey + xV x39 
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@ 37. 4V2-5V2+8v2 38. 33 4 8V 5 esloN So 39. 5Vx -— 8Vx + 9Vx 
— 40. Vx -— TV x + 6Vx 41, 8V2 - 3Vy - 8V2 42. 8V3 —5V2 -5V3 
: 43neo 8432 — 9v 50 Ada DN 10 — 4 oe aS 45, —2V3- 50207 4 as 


46. —2V8 - 3V27 + 3V50 47. 4V75 + 3V48 -— V99 48. 2V75 — 5V20 + 2V45 


49, V25x — V9x + V16x 50. V4x — V100x — V49x 

51. 33x + V27x — 8V75x 52. 5V5x + 2V45x — 3V80x | 
53. 2aV75b — aV20b + 4aV/45b 54. 2bV75a — 5bV27a + 2bV20a | 
Bate ey 2) V12e2 xy 3 56. aV27b? + 3bV147a? — abV3 


"APPLYING THE CONCEPTS 


57. Given G(x) = Vx + 5 + V5x + 3, write G(3) in simplest form. 


58. Is the equation Va? + b? = Va + Vb true for all real numbers a and b? 


_ 59. Use complete sentences to explain the steps in simplifying 


Y 4V 2a3b + 5V/5a3b. 


60. For each problem, write “ok” if the answer is correct. If the answer is 


A Z| 
e incorrect, write the correct answer. 5 
- a. 3Vab + 5Vab = 8\/2ab E 
oe b. 7Vx3 — 3xVx — xV16x = 0 2 
a c. 5 — 2Vy = 3Vy 2 
Simplify. S} 
oe Z 
- = 
2 612 Sa Ay = OV 18x58 Oy 62. 6V 16x — 16 + V25x — 25 ; 
63. 3Va Fa + SV ia ae 644 382 aan peas : 
as 4 
) : — 5 

Pes reeds een 8 r 
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Multiplication and Division of 
Radical Expressions 


* . * * - a ——_————_ a —_—_—_—_—_——_—___] Bal 
Objective A To multiply radical expressions .0........0..0ccccccccccecescesseeeeseees (@}) (35) 
The Product Property of Square Roots V2KV 3y = V 2x > 3y = Vbxy 
is used to multiply variable radical 
expressions. 
= Simplify: V 2x*V 32x° 
V 257 V 3252 aN 242 324° * Use the Product Property of Square Roots. 
= V 64x’ ® Multiply the radicands. 
= V2°%' © Simplify. 
ae DN 
= 2343V/x 
= 84° Vx ¢ 
=> Simplify: V2x(« + V 2x) 
WOK N28) = V 2x4) VV 2 2x ® Use the Distributive Property to 
= Vx + V4x2 remove parentheses. 
= 4V 2x + V 22x? © Simplify. 
= xV2x + 2x 
»> Simplify: (V2 — 3x)(V2 + x) 

(V2 — 3x)(V2 +x) = V2-24+2xV2 -— 3xV2 — 3x? ® Use the FOIL method to 
= V2? + (x — 3x)V2 — 3x? remove parentheses. 
= DD = OXF 

The expressions a+b and a—b, which are the sum and difference of 
two terms, are called conjugates of each other. You will recall that 
(a+ b)(a — b) =a’ — b’. 
=> Simplify: (2 + V7)(2 — V7) 

TAKE NOTE (2+ V7)(2 - V7) = 2? - (V7 * (2 + \/7)(2 — V7) is the product of conjugates. 


For x > 0, (Vx =x. 


=4-7 
= —3 


= Simplify: (3 + Vy)(3 — Vy) 


Cet Vy) (3 = Vy) — 37 — (Vy)? © (3 + Vy)(3 — Vy) is the product of conjugates. 
=9-y 
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Example 1 


Simplify: V 3x*V 2xyV 6xy? 


Solution 
= VERa 
= VERVE 
= 3x y VX 


= 6x°yV xy 


Example 2 


Simplify: V3ab(V3a + V9b) 
Solution 
V3ab(V3a + V9b) 

= V32a2b + V33ab? 

= VP@Vb + V3OV3a 

= 3aVb + 3bV/3a 


Example 3 

Simplify: (Va — Vb)(Va + Vb) 
Solution 

(Va — Vb)(Va + Vb) = (Vay — (Vby 


=a—b 


Example 4 
Simplify: (2Vx — Vy)(5Vx — 2Vy) 
Solution 
CVE NV VeVi 25) 
= 10(Vx)? — 4V xy — 5V xy + 2(Vy)? 
= 10x — 9Vxy + 2y 


You Try It 1 


Simplify: V5aV 15a*b*Vv 3b° 


Your solution 


You Try !lt2 
Simplify: V5x(V5x — V 25y) 


Your solution 


You Try It 3 
Simplify: (2Vx + 7)(2Vx — 7) 


Your solution 


You Try It 4 
Simplify: (3Vx — Vy)(5Vx — 2Vy) 


Your solution 


Solutions on p. S23 


Objective B_ To divide radical expresSiONs ..........:.ccccccccccseeersesscceceeeees ({s2}) ({s3}) a 
ween 


The Quotient Property of Square Roots 


If aand bare positive real numbers, then 


and Va= NE 
Vb b 


The square root of a quotient is equal to the quotient of the square roots. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


POINT OF INTEREST 


A radical expression that 
occurs in Eiristein’s Theory of 
Relativity is 
1 
v2 

ana 
where vis the velocity of an 
object and cis the speed of 
light. 
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=> Simplify: , & 


4x? any, 4x? © Rewrite the radical expression as the quotient of 
z° V2 the square roots. 
Ons » Simplify 
= _ implify. 
=» Simplify Ze 
3x!y? 
24x3y’ 8y° OLA: : 
gra = ie © Simplify the radicand. 
. V 8y° ® Rewrite the radical expression as the 
Vx quotient of the square roots. 
= os © Simplify. 
x 
_ V2 yV/2y 
VE 
- i ¢ 
eye ZY 
ae 
: i V4x*y 
»» Simplify: 
implify Aas 
4x*y = 4x’y * Use the Quotient Property of 
Vxy xy Square Roots. 
= V4x © Simplify the radicand. 
= \/¢ © Simplify the radical expression. 
SEE 


A radical expression is not considered to be in simplest form if a radical remains 
in the denominator. The procedure used to remove a radical from the denomi- 
nator is called rationalizing the denominator. 


»» Simplify: 2 


V3 
= = <s : © Multiply the expression by wa which equals 1. 
> 2V3 © The radicand in the denominator is a 
~~ (V3 perfect square. 
2V3 
= — © Simplify. 


The radical expression is in simplest form, because no radical remains in the 
denominator and the radical in the numerator contains no perfect-square fac- 


tors other than 1. 
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When the denominator contains a binomial radical expression, simplify the 
radical expression by multiplying the numerator and denominator by the 
conjugate of the denominator. 


: : V2y 
wee : : 
Simplify tts 
V2y Vay : Vy = e Multiply the numerator and denominator by 
Vy +3 Vy+3 Vy —3 Vy — 3, the conjugate of Vy + 3. 
_ Vey? = 3V2y © Simplify. 
(Vy)? — 3? 
yV2 — 3V 25 
z ) 9 


Example 5 You Try It 5 


Simplify: See Simplify: V ee 
xy 


V3x'y? 
Solution Your solution 
V4x2 5 _ 27x25 _ 2?y4 7 \/2%4 
V3xty  \ 3xty - 

o V5 Be 

 xV3 We 3x 


Example 6 You Try It 6 
v2 V3 


Simplify: Wa Simplify: Vive 


Solution Your solution 
The denominator contains a binomial 


expression. Multiply the numerator and 
denominator by the conjugate of the 
denominator. 
i ee 
VOEV6 VARVG VO2G 
ee ee en) 
2 6 ie ee 
Rol Oe ee 


=2 2 


Example 7 You Try It 7 
: Hae ee NS : wc 5+ Vy 
Simplify: aia Simplify: SOs 


Your solution 


Solution 
Se TASS ees 
Dee 5 ss 
_ 6 =9V5=2V 5 BWs): 
> = 55 
iG hy ig 
1 Sas 
Die 1/5 21 —11V5 
Sy A] 


Solutions on p. S24 } 
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10.3 Exercises 


Objective A 
Simplify. 
Ses Dees 1/10 3. V3-V12 4, V2-V8 
Sy VRE 6. Vy: Vy Yh VBP NES 8. Vaib> - Vab5 
9. V3a2b5 - V6ab7 10. V5x3y - V/10x2y 11. V6a3b? - V24a5b 
12. V8ab5- V/12a7b ies “VAD V3) 14. 3(V12 ~ V3) 
15. Vx(Vx - Vy) 16. Vb(Va — Vb) 17. V5(V10 -— Vx) 
18. V6(Vy — V18) 19. V8(V2 —- V5) 20. V10(V20 — Va) 
Dik, (VE = By 19, NON Gaye 23. V3a(V3a — V3b) 
24. V5x(V10x — Vx) 25. V2ac - V5ab - V10cb 26. V3xy - Véx3y - V2y? 
27. (V5 + 3)(2V5 — 4) 98) = 3V 716 +2 7) 29. (4+ V8)(3 + V2) 
30. (6 — V27)2 + V3) 31. (2Vx + 4)BVx — 1) 32. (5 + Vy)(6 -— 3Vy) 


33. (3Vx — 2y)(S5Vx — 4y) 34, (5Vx + 2Vy)3Vx — Vy) 35. (Vx — Vy)(Vx + Vy) 
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Objective B 


Simplify. 
WV 45 V8 V48 27a 
a, == ay, ===5 38. —= 39. ——= 40. 
V2 V5 v2 v3 ri 
41 Vie 40 15x79, 43 40x>y? 10 V2e 0: 45 V48x5y? 
© W2x "  V/3xy  W5xy " /98ab4 © V/3x3y 
V9xy vy V16x3y? V2 
aoe aye fp eee 49 
Dies 3xy3 V 8x3 V8 +4 
3 V3 
50. : 51. 2 52. —— = 53. —_= 
N23 VES 5+ V5 5=V27 
- 23 ~6 
Bos qy gees 55. ee 56. Glee 57, —= 
= Ve = 526 4+ 3\3 4 A/D 
Bo, V2t2Vv6 Hy DNB pap see Pome oe 
INTENTS " 5V3 + 2V6 " 2-Vx * 3-V12 
Va -—4 Vh ss 
Va +2 Va = Vy Vi = Vy Tae 


APPLYING THE CONCEPTS 


. 66. In your own words, describe the process of rationalizing the denomi- 


o A nator. 


_ 67. Show that (1 + V6) and (1 — V6) are solutions of the equation 
i bie hg =) 


68. Answer true or false. If the answer is false, write the correct answer. 


a an (Vey => beQOVa) =8cVe (eee ed eG 


=F. FFF 


ling 
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Objective A_ To solve an equation containing 
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Solving Equations Containing 
Radical Expressions 


Pa MAIC RII OSSIONT ics etre ds pes eet ees davon Ssteeoeciseae (i)) ¢63) 


An equation that contains a variable vey) | 
expression in a radicand is a radical VE 7 Wao | paged 
equation. DI DN A ead 


The following property of equality states that if two numbers are equal, 
the squares of the numbers are equal. This property is used to solve radical 
equations. 


Property of Squaring Both Sides of an Equation 


lf aand bare real numbers and a = b, then a2 = b*. 


¢ 


The first step when solving a radical equation is to isolate a radical in the 
equation. 


= Solve: Vx — 2-—7=0 
Wi a =) * Rewrite the equation with the radical on one side 
Vx —-2=7 of the equation and the constant on the other side. 
(Vxi=2yY =P © Square both sides of the equation. 
L249 © Solve the resulting equation. 
x=51 


Check: Vx —2-—7=0 


Vo 2 Se 
/49 = 7 
VP 7 

ja 
0=0 _ A true equation 


S&S) Seo =) 


The solution is 51. 


When both sides of an equation are squared, the resulting equation may have a 
solution that is not a solution of the original equation. Checking a proposed 
solution of a radical equation, as we did in the previous example, is a neces- 


sary step. 


= Solve: V2x —5+3=0 


V2x —-5+3=0 * Rewrite the equation with the radical on one side 
V2x —-5=-3 of the equation and the constant on the other side. 
(V2x — 5)? = (-3)? ® Square each side of the equation. 
Di aes oO © Solve for x. 
2x = 14 
x=7 
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TAKE NOTE Here is the check for the equation on the previous page. 
Any time each side of an Chica: Woreas ees () 
equation is squared, you must ; 
check the proposed solution of ‘Ny Dismal) 
the equation. Sires 
(ei eye eor | 0 
V9+3 | 0 
Spaces 0) 
640 


7 does not check as a solution. The equation has no solution. 


Example 1 You Try It 1 
Solve: V3x +2=5 Solve: V4x +3 =7 


Solution Your solution 


V3x+2=5 Check: V3x+2=5 
V3e= 3 Vener Tes 
(Vex) =e We AD IS 
3x = 9 aD |S 


= 3 55 


The solution is 3. 


Example 2 You Try It 2 
Solve: Vx — Vx —5=1 Solve: Vx + Vx +9=9 


Solution Your solution 
Ve-Vx—-5=1 
Ve=14+Vx—5 
(Way Sl ok Vie = By 
x=1+2Vx=—5 +(x -5) 
4=2Vx—5 
2=Vx—5 
2 =) 
4% — 5 


The solution is 9. 


Solutions on p. S24 
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Objective B_ To solve application problems .....0......cccccccccccecccescesssesseesees ({:}) 


POINT OF INTEREST 


The first known proof of this 
theorem occurs in a Chinese 
text, Arithmetic Classic, 

which was first written around 
600 B.c. (but there are no 
existing copies) and revised 
over a period of 500 years. The 
earliest known copy of this text 
dates from approximately 

100 B.C. 


A right triangle contains one 90° angle. The side 
opposite the 90° angle is called the hypotenuse. Leg 
The other two sides are called legs. 


Pythagoras, a Greek mathematician who _ lived 

around 550 B.C., is given credit for the Pythagorean a 

Theorem. It states that the square of the hypotenuse 

of a right triangle is equal to the sum of the squares b 

of the two legs. Actually, this theorem was known to =a? +b? 
the Babylonians around 1200 B.c. 


Pythagorean Theorem 


If a and bare the lengths of the legs of a right triangle and c is the 


length of the hypotenuse, then c? = a? + b?. 


Using this theorem, we can find the hypotenuse of a 
right triangle when we know the two legs. Use 
the formula 


Hypotenuse = V(leg)? + (leg)? 
a a +b 

Via) 

= 25 +144 ; 

= V169 

=a 


U1 


The leg of a right triangle can be found when one leg 
and the hypotenuse are known. Use the formula 


Leg = V (hypotenuse)* — (leg)’ 
it WN eed or 
- Var = 27 
= V625 — 400 
= 225 
= 15 


i) 
A 


Example 3 and You Try It 3 on the following page illustrate the use of the 
Pythagorean Theorem. Example 4 and You Try It 4 illustrate other applications 
of radical equations. 
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Example 3 

A guy wire is attached to a point 20 m above 
the ground on a telephone pole. The wire is 
anchored to the ground at a point 8 m from 
the base of the pole. Find the length of the 
guy wire. Round to the nearest tenth. 


Strategy 

To find the length of the guy wire, use the 
Pythagorean Theorem. One leg is 20 m. The 
other leg is 8 m. The guy wire is the 
hypotenuse. Solve the Pythagorean Theorem 
for the hypotenuse. 


Solution 
c=Vaeth 
= V(20)* + (8) 
= V 400 + 64 = V 464 = 21.5 


The guy wire has a length of 21.5 m. 


Example 4 

How far would a submarine periscope have 
to be above the water to locate a ship 4 mi 
away? The equation for the distance in miles 
that the lookout can see is d = V1.5h, where 
h is the height in feet above the surface of 
the water. Round to the nearest hundredth. 


Strategy 

To find the height above the water, replace d 
in the equation with the given value and 
solve for h. 


Solution 


V1.5h =d 
V1.5h = 4 
(V1.5h)? = 4 
1.5h = 16 

1 


6 
h = —— ~ 10.67 
nS) 


The periscope must be 10.67 ft above the water. 


You Try It 3 

A ladder 8 ft long is resting against a 
building. How high on the building will 
the ladder reach when the bottom of the 
ladder is 3 ft from the building? Round to 
the nearest hundredth. 


Your strategy 


Your solution 


You Try It 4 
Find the length of a pendulum that makes 
one swing in 2.5 s. The equation for the 


time for one swing is T = 277, S. where T 


is the time in seconds and L is the length 
in feet. Use 3.14 for 7. Round to the 
nearest hundredth. 


Your strategy 


Your solution 


Solutions on p. S24 
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. 


_ 10.4 Exercises 


Objective A 


Solve and check. 


ils AWE De Wir) a9 Wipe 0 4. Va—9 5 Vote 
6. V4x+5=2 7. V3x+9=4 82) Vor D4 9. V5x+6=1 


KO), Wee se il = 9 11. V5e44=3 ig (OS B= WB) = ae 13. 0O=5— V LOREX 


@ 

La aBAK at 

. 14. bye ED = @ 15. oye 7 a) 16. V3x—6= —4 17. Bye ae SS == 23} 
iss, (0) "5; =inV shee = 9) IS), Woe se DS War oe il 20 N34 oe 


Objective B_) Application Problems 


21. The infield of a baseball diamond is a square. The distance between suc- 
cessive bases is 90 ft. The pitcher’s mound is on the diagonal between 
home plate and second base at a distance of 60.5 ft from home plate. 
(See the figure to the right.) Is the pitchers mound more or less than 
halfway between home plate and second base? 


The infield of a softball diamond is a square. The distance between suc- 
cessive bases is 60 ft. The pitcher’s mound is on the diagonal between 
home plate and second base at a distance of 46 ft from home plate. Is 
the pitcher’s mound more or less than halfway between home plate and 
second base? 


How far would a submarine periscope have to be above the water to 
locate a ship 5 mi away? The equation for the distance in miles that the 
lookout can see is d = V1.5h, where h is the height in feet above the 
surface of the water. Round to the nearest hundredth. 


A 16-foot ladder is leaning against a building. How high on the building 
will the ladder reach when the bottom of the ladder is 5 ft from the 
building? (See the figure to the right.) Round to the nearest tenth. 
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The measure of a big-screen television is given by the length of a diag- 
onal across the screen. A 36-inch television has a width of 28.8 in. Find 
the height of the screen to the nearest tenth of an inch. 


The measure of a television screen is given by the length of a diagonal 
across the screen. A 33-inch big-screen television has a width of 26.4 in. 
Find the height of the screen to the nearest tenth of an inch. 


The speed of a child riding a merry-go-round at a carnival is given by 
the equation v = V12r, where v is the speed in feet per second and r is 
the distance in feet from the center of the merry-go-round to the rider. 
If a child is moving at 15 ft/s, how far is the child from the center of the 
merry-go-round? 


Find the length of a pendulum that makes one swing in 1.5. s. The equa- 
L 
tion for the time of one swing of a pendulum is T = 22 30° where T is 


the time in seconds and L is the length in feet. Round to the nearest 
hundredth. 


APPLYING THE CONCEPTS 


29: 


30. 


33. 


In the coordinate plane, a triangle is formed by drawing lines between 
the points (0, 0) and (5, 0), (5, 0) and (5, 12), and (5, 12) and (0, 0). Find 
the perimeter of the triangle. 


The hypotenuse of a right triangle is 5/2 cm, and one leg is 4V’2 cm. 
a. Find the perimeter of the triangle. 
b. Find the area of the triangle. 


If a and b are real numbers and a’? = b’, does a = b? Explain your 
answer. 


Can the Pythagorean Theorem be used to find the length of side c of the 
triangle at the right? If so, determine c. If not, explain why the theorem 
cannot be used. 


A circular fountain is being designed for a triangular plaza in a cultural 
center. The fountain is placed so that each side of the triangle touches 
the fountain as shown in the diagram at the right. Find the area of the 
fountain. The formula for the radius of the circle is given by 


EVNG- OC ais =e) 
\V s 


where s = ; (a + b + c) anda, b, andc are the lengths of the sides of the 


triangle. Round to the nearest hundredth. 


A farmer owns a triangular piece of land that measures 100 ft by 120 ft 
by 150 ft, as shown at the right. Find the maximum area that can be irri- 
gated with a circular irrigation system in which the irrigation does not 


go outside the triangular shape. Use the formulas in Exercise 33. Round 
to the nearest hundredth. 
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AAA 000° 


Zo 


TAKE NOTE 


To use the chart to solve this 
problem, write an Xin a box to 
indicate that a possibility has 
been eliminated. Write a ,/ to 
show that a match has been 
found. When a sow or column 
has 2X, a ,/ ts written in the 
remaining open box in that row 
os colusmn of the chart 
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| Focus on Problem Solving 


Deductive reasoning uses a rule or statement of fact to reach a conclusion. We 
established the rule in the section “Ratio and Proportion,” Objective C, in the 
Rationa) Expressions chapter, that if two angles of one triangle are equal to two 
angles of another triangle, then the two triangles are similar. Thus any time we 
establish this fact about two triangles, we know that the triangles are similar. 
Below are two examples of deductive reasoning. 


Given that AAA = 40%% and 090% = OO, then AAAAAA is equivalent to how 
many Os? 


Because 3 As = 4 Os and 4 0s = 2 Os, 3 As = 2 Os. 
6 As is twice 3 As. We need to find twice 2 Os, which is 4 Os. 


Therefore, AAAAAA OOOO. 


Lomax, Parish, Thorpe, and Wong are neighbors. Each drives a different type of 
vehicle: a compact car, a sedan, a sports car, or a station wagon. From the fol- 
lowing statements, determine which type of vehicle each of the neighbors drives. 


1. Although the vehicle owned by Lomax has more mileage on it than does 
either the sedan or the sports car, it does not have the highest mileage of 
all four cars. (Use K1 in the chart below to eliminate possibilities due to 
this statement.) 

2. Wong and the owner of the sports car live on one side of the street, and 
Thorpe and the owner of the compact car live on the other side of the street. 
(Use X2 to eliminate possibilities due to this statement.) 


3. Thorpe owns the vehicle with the most mileage on it. (Use X3 to eliminate 
possibilities due to this statement.) 


Lomax of x1 x1 XK2 
Parish x2 x2 ae K2 
Thorpe K2 x3 K2 / 
Wong 2 x2 


Lomax drives the compact car, Parish drives the sports car, Thorpe drives the 
station wagon, and Wong drives the sedan. 


sees 


4. Given that i = eeeee and eeeee — AA, then 44+ = how many As? 


Z 2 


5. Given that 000000 = 0000 and 0000 = Ii, then 000 = how many Is? 


6. Given that 5009 = N0O0 and DOO = AA, then AAAA = how many Ss? 


ee be te Pe 
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8. Anna, Kay, Megan, and Nicole decide to travel together during spring break, 
but they need to find a destination where each of them will be able to partic- 
ipate in her favorite sport (golf, horseback riding, sailing, or tennis). From the 
following statements, determine the favorite sport of each student. 


a. Anna and the student whose favorite sport is sailing both like to swim, 
whereas Nicole and the student whose favorite sport is tennis would prefer 
to scuba dive. 


b. Megan and the student whose favorite sport is sailing are roommates. 
Nicole and the student whose favorite sport is golf each live in a single. 


9. Chang, Nick, Pablo, and Saul each take a different form of transportation 
(bus, car, subway, or taxi) from the office to the airport. From the following 
statements, determine which form of transportation each takes. 


a. Chang spent more on transportation than the fellow who took the bus but 
less than the fellow who took the taxi. 


b. Pablo, who did not travel by bus and who spent the least on transportation, 
arrived at the airport after Nick but before the fellow who took the subway. 


c. Saul spent less on transportation than either Chang or Nick. 


| Projects and Group Activities 


Measurements as_ From arithmetic, you know the rules for rounding decimals. 
Approximations 


If the digit to the right of the given place value is less than 5, drop that digit and 
all digits to the right. | 


6.31 rounded to the nearest tenth is 6.3. 


If the digit to the right of the given place value is greater than or equal to 5, 
increase the given place value by 1 and drop all digits to its right. 


6.28 rounded to the nearest tenth is 6.3. 


Given the rules for rounding numbers, what range of values can the number 6.3 
represent? The smallest possible value of 6.3 is 6.25; any number smaller than 
that would not have been rounded up to 6.3. What about the largest possible 
value of 6.3? The number 6.34 would be rounded down to 6.3. So would the 
numbers 6.349, 6.3499, 6.34999, and so on. Therefore, we cannot name the 
largest possible value of 6.3. We can say that the number must be less than 6.35. 
Any number less than 6.35 would be rounded down to 6.3. The exact value of 6.3 
is greater than or equal to 6.25 and less than 6.35. 
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The dimensions of a rectangle are given as 4.3 cm by 3.2 cm. Using the smallest 
and the largest possible values of the length and of the width, we can represent 
the possible values of the area, A, of the rectangle as follows: 


4.25(8. Lo)tstAre4 35(8225) 
owotewhen == vshoee liber /s) 


The area is greater than or equal to 13.3875 cm? and less than 14.1375 cm2. 


1. The measurements of the three sides of a triangle are given as 8.37 m, 5.42 m, 
and 9.61 m. Find the possible lengths of the perimeter of the triangle. 


2. The length of a side of a square is given as 4.7 cm. Find the possible values 
for the area of the square. 


3. What are the possible values for the area of a rectangle whose dimensions are 
6.5 cm by 7.8 cm? 


4. The length of a box is 40 cm, the width is 25 cm, and the height is 8 cm. What 
are the possible values of the volume of the box? 


In Section 4 of this chapter, we used the formula d = V1.5h to calculate 
the approximate distance d (in miles) that a person could see who uses 
a periscope fi feet above the water. That formula is derived by using the 
Pythagorean Theorem. 


Consider the diagram (not to scale) at 
the right, which shows the earth as a 
sphere and the periscope extending h 
feet above the surface. From geometry, 
because AB is tangent to the circle and 
OA is a radius, triangle AOB is a right 
triangle. Therefore, 


(OA)? + (AB)? = (OB) 


Substituting into this formula, we have 


aa\G oe ores 
3960? + d? = | 3960 + —— e Because his in feet, a is in miles. 


5280 
2 - 3960 eae 
a+? = (de sae | ees 
3960° + d* = 3960 5580 h (45) 


; sees le [ h \? —). 
At this point, an assumption is made that =h + (45) ~ V1.5h, where we 


have written ; as 1.5. Thus d ~ V1.5h is used to approximate the distance 


that can be seen using a periscope /t feet above the water. 
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1. Write a paragraph that justifies the assumption that 


5 had male V1.5h 
2 5280 


(Suggestion: Evaluate each expression for various values of h. Because h is the 
height of a periscope above water, it is unlikely that h > 25 ft.) 


2. The distance d is the distance from the top of the periscope to A. The distance 
along the surface of the water is given by arc AD. This distance, D, can be 
approximated by the equation 


h 3 
D=V U5h + 0.306186 x) 


Using this formula, calculate D when h = 10. 


| Chapter Summary 


Key Words A square root of a positive number x is a number whose square is x. 


Essential Rules 


The principal square root of a number is the positive square root. 


The symbol Vis called a radical sign and is used to indicate the principal 
square root of a number. The radicand is the number under the radical sign. 


The square of an integer is a perfect square. 


If a whole number is not a perfect square, its square root can only be approxi- 
mated. Such numbers are irrational numbers. Their decimal representations 
never terminate or repeat. 


Conjugates are binomial expressions that differ only in the sign of a term. (The 


_ expressions a + b anda — b are conjugates.) 


Rationalizing the denominator is the procedure used to remove a radical from the 
denominator of a fraction. 


A radical equation is an equation that contains a variable expression in a 
radicand. 


The Product Property of Square Roots 
If a and b are positive real numbers, then Vab = VavVb. 


The Quotient Property of Square Roots 
If a and b are positive real numbers, then Jt = Ne and Va = Vi. 


Property of Squaring Both Sides of an Equation 


If a and b are real numbers and a = b, then a? = b?. 
Pythagorean Theorem 


If a and b are legs of a right triangle and c is the hypotenuse, then c? = a? + b?. 
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| Chapter Review 


11. 


13. 


Simplify: V3(W/12 — V3) 2. Simplify: 3V18a°b 
Simplify: 2V 36 4. Simplify: V6a(V 3a + V 2a) 


Simplify: oe 6. 
Solve: V5x = 10 8. 
Simplify: ee 10. 
Simplify: 6aV/80b — V180a2b + 5aVb 12; 
Simplify: 2xV60x3y> + 3xyV 15xy 14. 


Simplify: —3V 120 


Simplify: 5V48 


Solve: 3 — V7x =5 


Simplify: 4V 250 


Simplify: (4Vy — V5)(2Vy + 3V5) 
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152 Simplitys3V 124 Sw 40% 162 SolverV.20=3.44— 0 


17. Simplify: — 18. Simplify: 4yV243x"7y9 
“Vx —3 
19. Simplify: vV 24y° 20. Solve: V5x + 1 = V20x — 8 
21. Simplify: 22. Simplify: = 
DrVIRy + by VEEP — Ixy? Eey a 


23. The weight of an object is related to the distance the object is above the sur- 
face of the earth. An equation for this relationship is d = 4000 “= — 4000, 


d 
where W, is an object’s weight on the surface of the earth and W, is the 
object’s weight at a distance of d miles above the earth’s surface. If a space 
explorer weighs 36 lb at a distance of 4000 mi above the surface of the 
earth, how much does the explorer weigh on the surface of the earth? 


24. A tsunami is a great sea wave produced by underwater earthquakes or vol- 
canic eruption. The velocity of a tsunami as it approaches land depends on 
the depth of the water and can be approximated by the equation v = 3Vd, 
where d is the depth of the water in feet and v is the velocity of the tsunami 
in feet per second. Find the depth of the water if the velocity is 30 ft/s. 


25. A bicycle will overturn if it rounds a corner too sharply or too fast. An equa- 
tion for the maximum velocity at which a cyclist can turn a corner without 
tipping over is v = 4Vr, where v is the velocity of the bicycle in miles per 
hour and r is the radius of the corner in feet. What is the radius of the 
sharpest corner that a cyclist can safely turn if riding at 20 mph? 
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| Chapter Test 


1. Simplify: V121x°y? 2. Simplify: V3x2yV 6xy? V 2x 
3. Simplify: 5V8 — 3V/50 4. Simplify: V45 

5. Simplify: “12 6. Solve: V9x + 3 = 18 

7. Simplify: V32a55"™ 8. Simplify: Wate 


ae ee 7 
9, Simplify: —— 10. Simplify: V8x*yV 10xy 
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11. Solve: V2x—4 = V3x—=5 12. Simplify: 3V8y — 2V72x + 5V18y 
13. Simplify: V72x7y? 14. Simplify: (Wy — 3)(Vy + 5) 

15. Simplify: 2xV3xy3 — 2yV12ey — 3xyVxy 16. Simplify: : = = 

17. Simplify: Va(\Va — Vb) 18. Simplify: V75 


19. Find the length of a pendulum that makes one swing in 3 s. The equation | 


for the time of one swing of a pendulum is T = 277, IS, where T is the time 


in seconds and L is the length in feet. Round to the nearest hundredth. 


= 


Soripanty 


20. The square root of the sum of two consecutive odd integers is equal to 10. 
Find the larger integer. 
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| Cumulative Review 


1. Simplify: 2. Simplify: 
(2) -(2 De ie 3[x — 2(3 — 2x) — 5x] + 2x 
3 4 2 2 
3. Solve: 4. Simplify: (—3x?y)(—2x3y%) 
27 4[ 3x = 21 — 3x) = 218 — 4a) 
: ; Ibe 60 12 : ; 2 : 
5. Simplify: Sa 6. Given f(x) = z aa finicds/ (ea) 
pemetactom 2a — 1602+ 30a 8. Simplify: Bite Oa ae 
Ax? + 4% 9x9 = 45x72 + 54% 
9. Simplify: ~ ie 10 Solve ee 
eet (4) 3) i eax 5 ja = 
11. Find the equation of the line that contains 12. Solve by substitution: 
; oe5 5 i 4x — 3y = 1 
the point (—2, —3) and has slope = BE tay eee 
z 13. Solve by the addition method: TA eSolve=3 Ga eee 
5x +4y=7 
2 3% — 2y-—= 13 
2 
iS) 
= 15. Simplify: V108 16. Simplify: 3V32 — 2V 128 
S 
Z 
bd 
? 17. Simplify: 2aV2ab’ + bV 8a*b — 5abVab 18. Simplify: V2a°bV 98ab*v 2a 
8 
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12: 


21° 


IE 


25. 


21: 


29. 
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Simplify: V3(V6 — Vx?) 


3 
2—V5 


Simplify: 


The selling price for a book is $29.40. The 
markup rate used by the bookstore is 20%. 
Find the cost of the book. Use the formula 
S =C +rC, where S is the selling price, C is 
the cost, and r is the markup rate. 


The sum of two numbers is twenty-one. The 
product of the two numbers is one hundred 
four. Find the two numbers. 


Solve by graphing: 3x — 2y = 8 
(4x + 5Sy =3 


The square root of the sum of two consecu- 
tive integers is equal to 9. Find the smaller 
integer. 


20. 


7B 


24. 


26. 


28. 


30. 


V 320 


Simplify: Gik 


Solve: V3x —2-—4=0 


How many ounces of pure water must be 
added to 40 oz of a 12% salt solution to make 
a salt solution that is 5% salt? 


A small water pipe takes twice as long to fill 
a tank as does a larger water pipe. With both 
pipes open, it takes 16 h to fill the tank. Find 
the time it would take the small pipe working 
alone to fill the tank. 


Graph the solution set of 3x + y S 2. 


A stone is dropped from a building and hits 
the ground 5 s later. How high is the build- 
ing? The equation for the distance an object 


d 5 
eye where d is the 


falls in T seconds is T = 


distance in feet. 
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C H A P T E R 


A forensic scientist assists police in the investigation of 
crimes. Chemistry, biology, and mathematics are critical tools 
for the forensic scientist when analyzing evidence such as 
matching the DNA of a suspect to the DNA found at a 

crime scene. 


Quadratic Equations 


Objectives 


Section 11.1 
To solve a quadratic equation by factoring 
To solve a quadratic equation by taking square roots 


Section 11.2 


To solve a quadratic equation by completing 
the square 


Section 11.3 


To solve a quadratic equation by using the 
quadratic formula 


Section 11.4 


To graph a quadratic equation of the form 
y= ax?+ bx+ec 


Section 11.5 
To solve application problems 


Algebraic Symbolism 


The way in which an algebraic expression or equation is 
written has gone through several stages of development. 
First there was the rhetoric, which was in vogue until the 
late 13th century. In this method, expressions were 
written out in sentences. The word res was used to 
represent an unknown. 


Rhetoric: From the additive res in the additive res results 
in a square res. From the three in an additive res comes 
three additive res and from the subtractive four in the 
additive res comes subtractive four res. From three in 
subtractive four comes subtractive twelve. 


Modern: (x + 3)(x — 4) =x? —x — 12 


The second stage was syncoptic, which was a shorthand 
in which abbreviations were used for words. 


Syncoptic: a 6 in b quad — c plano 4 inb + b cub 
Modern: 6ab? — 4cb + b* 


The current modern stage, called the symbolic stage, 
began with the use of exponents rather than words to 
symbolize exponential expressions. This occurred near 
the beginning of the 17th century with the publication of 
the book La Geometrie by René Descartes. Modern 
notation is still evolving as mathematicians continue to 
search for convenient methods to symbolize concepts. 
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WA 


Objective A 


TAKE NOTE 


You should always check your 
solutions by substituting the 
proposed solutions back into 
the original equation. 
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Solving Quadratic Equations 
by Factoring or by Taking 
Square Roots 


To solve a quadratic equation by factoring .............:0cccccceeeeessecenees ({25)) 
An equation of the form Av = 3x4 1=0,4=45b ==3.c=1 
ax* + bx +c =0, where a,b, 3x2 - 4=0,a =3,b=0,c = —-4 


and c are constants and a # 0, 
is a quadratic equation. 


TY EL Ain ea 
» , a ,C 


A quadratic equation is also called a second-degree equation. 


A quadratic equation is in standard form when the polynomial is in descending 
order and equal to zero. 


Meee 2/6) =O 
then a = 0 ord = 0. 


Recall that the Principle of 
Zero Products states that if 
the product of two factors is 
zero, then at least one of the 
factors must be zero. 


The Principle of Zero Products can be used in solving quadratic equations. 


mie Solve by factoring: 2x? — x = 1 


2xP — x al 


2x? —-x —1=0 © Write the equation in standard form. 


Qe Wx —1)=0 © Factor. 
2x+1=0 oie) © Use the Principle of Zero Products to set each 
factor equal to zero. 
25 =| x=1 ¢ Rewrite each equation in the form 
variable = constant. 
1 
IRS 
Check: 2x7 —-x = 2x? —-x =1 
af 
2 L\" 1 2) 4 
2 2 
lie ih 
2 ji ae 5 1 eo oil 
a + w 1 Pk Wi) i 
ee 
1=1 1=] 


Le ‘ | 
The solutions are oa and 1. 


478 Chapter 11 / Quadratic Equations 


=> Solve by factoring: 3x* — 4x + 8 = (4x + 1)(x — 2) 
3x? — 4x + 8 = (4x + 1)(x — 2) 


3x? — Ay + § = 4x7 — 7x — 2 * Multiply the factors on the right side of 
the equation. 
= x S10 e Write the equation in standard form. 
0=(% — a) la © Factor. 
% = 5:=.0 x+2=0 © Use the Principle of Zero Products to set 
each factor equal to zero. 
x=5 x=-2 * Rewrite each equation in the form 


variable = constant. 


Check: 
3x2 — 4x + 8 = (4x + 1)(x — 2) 3x? — 4x + 8 = (4x + 1)(x — 2) 
3(5)? — 4(5) + 8 | (4[5] + 1)(5 — 2) 3(= 2) A(=2) 48: | Wee 
3(25) — 20+ 8 | (20 + 1)(3) 3(4)+8+8 | (—8 + 1)(—4) 
75 — 20+ 8 | (21)(3) 3 Sat 
63 = 63 28 = 28 


The solutions are 5 and —2. 


=> Solve by factoring: x? —10x + 25 =0 
x? = 10x + 25 =0 


(~- 3)(e— 5) —0 ® Factor. 
x-5=0 x-5=0 Use the Principle of Zero Products. 
x=5 x=5 ® Solve each equation for x. 


The solution is 5. 


In this last example, 5 is called a double root of the quadratic equation. 


Example 1 You Try It 1 


2 2 
Solve by factoring: = = z = : 0 Solve by factoring: “S y= 


Solution Your solution 


° Multiply each 
side by 4. 


’ 1 
The solutions are == on. 


Solution on p. S25 
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Objective B 
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To solve a quadratic equation by taking square roots ................ (5}) Gi 


Consider a quadratic equation of the form x* = a. This equation can be solved 
by factoring. 


x= 25 
<= 25 =0 
(—5)(« + 5) =0 
x=5 x=-—5 


The solutions are 5 and —5. The solutions are plus or minus the same number, 
which is frequently written by using +; for example, “the solutions are +5.” 
Because *5 can be written as + \ 25, an alternative method of solving this equa- 
tion is suggested. 


The Square Root Property of an Equality 


Ifx? = a, thenx = +V a. 


= Solve by taking square roots: x? = 25 


a= 25 
Vx? = \/ 25 © Take the square root of each side of the 
x= +V25= +5 equation. Then simplify. 


The solutions are 5 and —5. 


«» Solve by taking square roots: 3x* = 36 


3x? = 36 
n= 12 © Solve for x’. 
Ve ® Take the square root of each side. 
Rie EA AD £273 © Simplify. 


The solutions are 2V/3 and —2V3. 


=» Solve by taking square roots: 49y* — 25 = 0 


49y? —- 25 = 
49y? = 25 ® Solve for y’. 
PES) 
pm ea 
* 49 
Vy? = = Take the square root of each side. 
a) 
eee © Simplify. 
y 7 piity 


~i|u 


: 5) 
The solutions are 7 and — 
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An equation that contains the square of a binomial can be solved by taking 


square roots. 


=> Solve by taking square roots: 2(x — 1)? — 36 =0 


2x = Al) 38610 


2(x% — 1)? ="36 ® Solve for (x — 1). 
(ea) =" 18 
Vix — 1)? = 18 ® Take the square root of each 
i | SS eeN/18 side of the equation. 
x—-1=+3V2 © Simplify. 
x-1=3V2 x-1=-3V2 ® Solve for x. 
ere Vv 2 x= = 3V2 


The solutions are 1 + 3V2 and 1 — 3V2. 


Example 2 
Solve by taking square roots: 
x? + 16=0 
Solution 
x? +16=0 
n= —16 
Vx? = V-16 


V —16 is not a real number. 


The equation has no real number 
solution. 


Example 3 

Solve by taking square roots: 
5(y — 4)? = 25 

Solution 

5(y — 4)? = 25 

(CaA)e— 5 
VQ == V5 
ya 4 2/5 
y= ay Sh 


The solutions are 4 + V5 and 4 — V5. 


You Try It 2 
Solve by taking square roots: 
x? +81=0 


Your solution 


You Try It 3 


Solve by taking square roots: 
T(o 2) eet 


Your solution 


Solutions on p. S25 
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11.1 Exercises _ 


a eS eT OMe Oa OMT CTO are aee Ke Te MAM e SNe, vai p, fe) si 'e) “s)) 6, Oke ve (8 me) (level lay ey ¢ 4) fe Oe, c8 8) e ce  e) feueie; 8 Of a Se Se ew 8 we 


Objective A 


Solve by factoring. 


ee a 2 151.0 2.00 + 3 — 10 =0 3. 27 — 42 +3 =0 4 s?—-5s+4=0 
5. p + 3p +2=0 6. v + ov +5=0 7. x?—6x+9=0 8. yy’? — 8y+ 16=0 
9. 12y? + 8y =0 10. 6x? —9x =0 11.7? — 10 = 37 12, f£=12= 47 
(le Sie SG a0) 14. 2p*?- 3p -2=0 15. 3s? + 85 =3 
¢ 

16. 3x2 + 5x = 12 a ee iste eee 

6 BS AP Be = : 4° Ki 3 "5 12 

19. 47 =4t+ 3 20. 5y? + lly = 12 21. 4°-4v+1=0 
22. 9s?—6s+1=0 23. x7-9=0 2405) — 16=0 
25. 4y7-1=0 26. 977-4=0 21a SS ee) 


28. p+ 18 =p(p — 2) 29. rr -—r—-—2=(2r- 1)\(r - 3) 30. s?+5s —4 = (2s + 1)(s — 4) 


Objective B 


Solve by taking square roots. 


Bin 30 32. y =49 33. vw —-1=0 


34. 2 - 64=0 35. 4x7-49=0 36. 9w’? — 64=0 
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37. 9 =4 38. 427 = 25 39. 16v?-9=0 

40. 25x° —- 64=0 41. y+81=0 A2io2200 49 = 0 

43. w’?—24=0 44. v’—48=0 45. (x — 1) = 36 

46. (y+ 2)? =49 47. 2(x«+5)=8 48. 4(z — 3)’ = 100 

49. 9x — 1)? - 16=0 50. 4(y + 3)? — 81=0 51. 49(v + 1)? —25=0 
52. 81(y — 2) —64=0 53. (x — 4) -20= 54. (y+ 5)?-50=0 
SS) oo — 0) 56. a(: = 3) mle Si. a(v +E 3) = 36 


APPLYING THE CONCEPTS 


Solve for x. 
58. (’- 1) =9 59) G7 = 3) = 25 60. (6x? — 5)? =1 
61. ax? — bxei=07a = Orandb = 0 62. ax’ —ib=0,a> 0'andb = 0 635 x*=S% 


64. The value P of an initial investment of A dollars after two years is given 
by P = A(1 +r)’, where r is the annual percentage rate earned by the 
investment. If an initial investment of $1500 grew to a value of 
$1782.15 in two years, what was the annual percentage rate? 


65. An initial investment of $5000 grew to a value of $5832 in two years. 
Use the formula in Exercise 64 to find the annual percentage rate. 


66. The kinetic energy of a moving body is given by E = 1 inv? where E is 


the kinetic energy, m is the mass, and v is the velocity. What is the veloc- 


ity of a moving body whose mass is 5 kg and whose kinetic energy is 
250 newton-meters? 


sorrco- 


67. On a certain type of street surface, the equation d = 0.0074v? can be 
used to approximate the distance d a car traveling v miles per hour will 
slide when its brakes are applied. After applying the brakes, the owner 
of a car involved in an accident skidded 40 ft. Did the traffic officer 


: investigating the accident issue the car owner a ticket for speeding if 
t the speed limit is 65 mph? 
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411.2 


Objective A 


POINT OF INTEREST 


Early mathematicians solved 
quadratic equations by literally 
completing the square. For 
these mathematicians, all 
equations had geometric 
interpretations. They found that 
a quadratic equation could be 
solved by making certain 
figures into squares. See the 
fourth “Projects and Group 
Activities” at the end of this 
chapter for an idea of how this 
was done. 
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Solving Quadratic Equations by 
Completing the Square 


To solve a quadratic equation by 
completing the square 


Recall that a perfect- Perfect-Square Trinomial Square of a Binomial 


square trinomial is the x7 + 6x +9 (x + 3) 
square of a binomial. x2 — 10x + 25 a (x — 5) 
x? + 8x + 16 (x + 4) 
1 2 
For each perfect-square tri- x? + 6x + 9, € ; 6) =9 
nomial, the square of : of 1 2 
a da Loe 
the coefficient of x equals MME 23 E 10 22 
the constant term. 1 2 
Je ab eyo Arauil(Op (5-8) = 1 


a 
Adding to a binomial the constant term that makes it a perfect-square trinomial 
is called completing the square. 


»» Complete the square of x* — 8x. Write the resulting perfect-square trinomial 
as the square of a binomial. 


Heap = 


x? — 8x + 16 


® Find the constant term. 


® Complete the square of x* — 8x by adding the 
constant term. 


® Write the resulting perfect-square trinomial as 
the square of a binomial. 


»» Complete the square of y* + 5y. Write the resulting perfect-square trinomial 
as the square of a binomial. 


© Find the constant term. 


® Complete the square of y* + 5y by adding the 
constant term. 


Vee Ver = = (» a >) ® Write the resulting perfect-square trinomial as the 
square of a binomial. 

A quadratic equation that cannot be solved by factoring can be solved by com- 

pleting the square. Add to each side of the equation the term that completes 

the square. Rewrite the quadratic equation in the form (x + a)’ = b. Take the 

square root of each side of the equation and then solve for x. 
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=» Solve by completing the square: x* + 8x — 2 = 0 


i ielarede! Boma P nial) 


x? + 8x =2 ® Add 2 to each side of the equation. 
| 3 (oe ® Complete the square of x’ + 8x. Add 
e+ar+(t-s) =2+(5-3] ee q 
2 (3 ° 8 to each side of the equation. 
x? + 8x+16=2+ 16 © Simplify. 
(x + 4) = 18 ® Factor the perfect-square trinomial. 
V(x + 4)? = V18 * Take the square root of each side of 
the equation. 
x+4= +V18= +3V2 ® Solve for x. 
x+4=-3V2 eo 4 yo 
x= —4 = 3V2 x=-4+ 3V2 
Check: 
x? +8x-2=0 x7 + 8&—2=0 
(—4 — 3V2)? + 8(-4 - 3V/2) -2 | 0 (-4 + 3V2)? + 8(-4 + 3V2) -2 | 0 
16 + 24V2 + 18 — 32 - 24V2-21 0 16 — 24V2 + 18 — 32 + 24V2-2 | 0 
0=0 0=0 


The solutions are —4 — 3\/2 and —4 + 3V2. 


If the coefficient of the second-degree term is not 1, a step in completing the 
square is to multiply each side of the equation by the reciprocal of that 
coefficient. 


=> Solve by completing the square: 2x* — 3x + 1=0 
2x? — 3x +1=0 


2x? — 3x =-1 ® Subtract 1 from each side of the 
equation. 
1 5 al * To complete the square, the coefficient 
3 ex" — 3x) = 5 (~1) of x’ must be 1. Multiply each side of 


1 
the equation by 7 


2 
* Complete the square. Add 3(-3) | 


to each side of the equation. 


R 
| 
N | Ww 
S 
I 
| 


S 

i) 

| 
N | Ww 

S 

aii. 
i = —l 
N | — 

| 
N | Ww 
: Se 
—————— 
Nm 

I 

| 

Nl NIP Nie 

ze 
ae | 
N |e 
eS 

| 
NO | w 
Pn ee 
[e—  | 


x= a, +—= + 2 © Simplify 
yy 16 16 , 
(+ = 3) = At Factor the perfect-square 
4 16 faniii 
trinomial. 
2 


oe ON 
R 
| 
& 
Se 
nN 
I 
5 = 


® Take the square root of each 
side of the equation. 


eon eee © Solve for x. 
4 4 , 
Tera pbilecoaa 
4 4 4 4 
1 
es x=1 
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Example 1 You Try It 1 
Solve by completing the square: Solve by completing the square: 
2h 4x = 0 3x” — 6x — 2 =0 


Solution Your solution 
2x7 —-4x -1= 
2x? — 4x 


(2x? 4x) = 


x?-2x= 


Complete the square. 


pa el = 


2(24¥8) io 424%) - 
2, 2 
24ers) =r 6) 


DEON 63 4 2/6 


ey 
7 ee Oe 6 4 


Dee 664 6 4 
0=0 


b : 2+V6 
The solutions are canoe 


Solution on p. S25 
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Example 2 


Solve by completing the square: 


fet 4X 10 


Solution 


You Try It 2 


Solve by completing the square: 


x? + 6x+12=0 


Your solution 


x?+4x+5=0 
x? + 4x = —5 
Complete the square. 


eae ae 
Ce) 


ViG= ap aa 
V—-1 is not a real number. 


The quadratic equation has no real number 
solution. 


Example 3 
2 
Solve oi + + 1 = 0 by completing the 


square. Approximate the solutions to the 


nearest thousandth. You Try It 3 


Solution 


Solve = +x + 1 =0 by completing the 


square. Approximate the solutions to the 


nearest thousandth. 
Your solution 


x> + 6x+4=0 
x? + 6x = —4 


Complete the square. 


x +6x+9=-449 
(3 25 
Ve +3 = V5 
x+3=+V5 
x+3=V5 
x=-34+V5 
3 30 
—0.764 


=-V5 

Sah V5 
=8 = 2G 
280 


The solutions are approximately —0.764 and 
=) 510; 


Solutions on p. S25 


Section 11.2 / Solving Quadratic Equations by Completing the Square 487 


11.2 Exercises 


Objective A 


Solve by completing the square. 


ie 42x — 3 = 0 2. y+ 4y -5=0 Bc 02 = 16 0 4. w’?+ 8w-9=0 
Bee a 40 4 6. 2 = 8 —16 7. v-6v+13=0 8. x2 + 4x + 13=0 
; 9. yy +5y+4=0 10. v—-5v-6=0 11. w?+7w=8 12. y2+5y=-4 
13. v’+4+1=0 14) 7 = 2) — 5 = 0 915. xe +6r=5 
2 2 
De: Liga pa 1g 
16.25v—— 8w = 3 17. 5 Calas aig 
19. p?+3p=1 20. °+5r=2 21. 2 -3t=-2 
22.7 —52 = -3 23. vtv—3=0 24. x =—x=1 
P 25. y?=7- 10y 26. v= 14+ lov PW le me es 
is 
g 
z 
2 
: 2 
é 28. s?+3s=-1 29. ?-t=4 30. y+y—-4=0 
a 
eI . 
6 
£ 
e 
a 
3 Sin eg 0 Boye cat one 10 33. 20 - 3t+1=0 
120) 
‘is 
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34. 20? — 7k +3=0 35. 277+ 5r=3 36. 2y?-3y=9 373 2 = Ts =—6 

38. 2x? = 3x + 20 39. 2’=vt+1 40. 22 =2z+3 41. 3°+5r=2 

42. 3?-8t=3 43. 3y?+ 8y+4=0 44. 327-102 -8= 45. 4°°+4¢-3=0 
46. 4? + 4 -15=0 47. 6s°+ 7s =3 48. 677=z+2 49. 6p? =5p +4 

50. 6f=t-—2 51. 47’-4v-1=0 52, 25* — 45 = 1) 


7 Solve by completing the square. Approximate the solutions to the nearest 


thousandth. 
53. y? + 3y =5 54. w?+5w=2 55, 27> 32—-9 
56. 2x7+3x=11 57. 4°°+ 6x -—-1=0 58. 4x7+2x-3=0 


APPLYING THE CONCEPTS 


S 59. Explain why the equation (x — 2)° = —4 does not have a real-number 
= VA solution. 
2 Solve. 
Se : a 
60. ef views 61. Vxt+2=x-4 62. V3x+4-x=2 
ge 3 & x +1 3 Fee 2 
63. Es 64. + = = 
2B lkee 3 2 x-1 ‘ ox 3 © eae 4 
66. 4Vx+1-x=4 61=  V255 7 — x 68. 3Vx-—1+3=x 


69. A basketball player shoots at a basket 25 ft away. The height of the ball 
above the ground at time f is given by h = —16f? + 32¢ + 6.5. How many 
seconds after the ball is released does it hit the basket? Hint: When it 
hits the basket, i = 10 ft. 


70. A ball player hits a ball. The height of the ball above the ground can be 
approximated by the equation 4 = —16f? + 76 + 5. When will the ball 
hit the ground? Hint: The ball strikes the ground when h = 0 ft. 
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Objective A_ To solve a quadratic equation by 
using the quadratic formula ............. 
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Solving Quadratic Equations by 
Using the Quadratic Formula 


—_—___——7 a 
et oii Os ee (7365) fer] 


Any quadratic equation can be solved by completing the square. Applying this 
method to the standard form of a quadratic equation produces a formula that 
can be used to solve any quadratic equation. 


Solve” ax? + bx +c =0 by com- 
pleting the square. 


Add the opposite of the constant 
term to each side of the equation. 


Multiply each side of the equation 
by the reciprocal of a, the coeffi- 
cient of x’. 


Complete the square by adding 


Zz 
( oy 4 to each side of the 
a 


equation. 


Simplify the right side of the 
equation. 


Factor the perfect-square trinomial 
on the left side of the equation. 


ax’ + bx +c=0 


ax’ + bx +c + (-c) =0+ (-c) 
ax’ + bx = -c 
1 1 
—(ax? + bx) = —(-c) 
a a 
pote mee 
a a 
Miata (3 ° | € >| 
a pe De ied Rann ee a 
Ze Pee ne ee 
A Te tee Ae 
et a © 4a 
g A get Age © Na Aa 
ee b? b? 4ac 
Ba a ae ar 
P b> =b? — 4ac 
98 a eet Sg = 


b \’ b? — 4a 
Take the square root of each side Py ee) - = 
i 2a 4a 
of the equation. 
b b? — 4ac 
Ea Seo Sa) SE 
2a 2a 
b Vb? = 4ac er b? — 4ac 
Solve for x. x+— = ee 
2a 2a 2a 2a 
= by b? — 4ac _ bb) Vbi=4ac 
2a i 95 2a 
— =b AVE Ade Sb age 
© 2a oi 2a 


The Quadratic Formula 


The solutions of ax* + bx + c=0,a+0,are 


—b+vVb?* — 4ac 
2a 
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=> Solve by using the quadratic formula: 2x* = 4x — 1. 


First write the equation in standard form. Then use the quadratic formula. 


Darren] 
2x7 -4x +1=0 ° Subtract 4x and add 1 to each side of 
Shen pae the equation. 
es SSS e The quadratic formula. 
2a 
stenle Ae ieee As ei) °a=2,b= —4,c = 1. Replace a, b, 
a” A, and c by their values. 
4+V16—-8 4+V8 a ae 
= SS Se © Simplify. 
4 4 
LW ar D/O) MIP Nan a (o) 2+V2 PE 
SI Peco a The‘solutions.ase——. and —— 


Example 1 You Try It 1 
Solve by using the quadratic formula: Solve by using the quadratic formula: 
2k, 3k 0 3x? + 4x —-4=0 


Solution Your solution 
2x7 = 3x F1=0 
G3) Ves —42)) 
DD 


Xx 


A 1 
The solutions are 1 and = 


Example 2 You Try It 2 
Solve by using the quadratic formula: Solve by using the quadratic formula: 
x 5 


pee ks 


Solution Your solution 


2x? — 8x +5 =0 
_(—8) + V(—8) — 412)(5) 
7) 2 ENE SA@E) 
RO 


Solutions on p. S26 
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11.3 Exercises 


Objective A 
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Solve by using the quadratic formula. 


iY, 


12; 


tS, 


18. 


v4 


24. 


27. 


30. 


55, 


x? -4x-5=0 


47> -9=0 


6y? + 5y —-4=0 


2+4z+1=0 


Oy iby = 1-= 0 


Qe? + 122 +4=0 


4p? + 16p = -11 


Day ye — 


6. w? =3w + 18 


10. 


13; 


16. 


Lo: 


Jape 


25. 


28. 


S41) 


34. 


0 3; 


lef = 5 — Ar 


2? —5t+3=0 


pa Piao 


4s? — 25 =0 


27? +x+1=0 


Vay © 


w? = 4w + 9 


Os 65a 20) 


z*>—2z-15=0 


4. 


8. 


11. 


14. 


Wie 


20. 


23. 


26. 


D4): 


52: 


35: 


v+5v+4=0 


Y=3-2 


w? +3w+5=0 


2Wv’+v=0 


Ay? + dy = 15 


3? —r+2=0 


y? = 8y + 3 


4p? + 4p +1=0 


4x? = 4x + 11 
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36. 4s°+ 12s =3 37. WW’? = —30v — 23 38. 91? = 30¢ + 17 


Solve by using the quadratic formula. Approximate the solutions to the 

nearest thousandth. 
3984 2 = 1 0 40. y°+4y-11=0 41. 's*—6s— 13 —8 
42. w?+ 8&w-15=0 43. 2p? — 7p —-10=0 44, 3° -—8-—1=0 
45. 477+ 8-1=0 46. 4°°+ 7x+1=0 47. 5V’-v-—5=0 


APPLYING THE CONCEPTS 


48. Factoring, completing the square, and using the quadratic formula are 
VA three methods of solving quadratic equations. Describe each method, 
and cite the advantages and disadvantages of using each. 


49. Explain why the equation Ox” + 3x + 4 = 0 cannot be solved by the qua- 
VA dratic formula. 


50. Solve x? +ax +b =0 forx. 


51. True or False? 
a. The equations x = V 12 — x and x? = 12 — x have the same solutions. 
b. If Va + Vb =c, thena + b =c?. 


c. V9 = +3 
ds Ve= i] 
Solve 
52. Vxti3=x-3 53. Ve + 4ey4°4 §“545eVe 4 1=—=2— 1 
56 3 5 x +] 4 
558 Ve oi = 1 560 - 
Acme 2): ad 5 m= |) ‘ 


58. An L-shaped sidewalk from the parking lot to a memorial is shown in 
the figure at the right. The distance directly across the grass to the 
memorial is 650 ft. The distance to the corner is 600 ft. Find the dis- 
tance from the corner to the memorial. 


59. A commuter plane leaves an airport traveling due south at 400 mph. 
Another plane leaving at the same time travels due east at 300 mph. 
Find the distance between the two planes after 2 h. 
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Objective A 


POINT OF INTEREST 


One of the “Projects and Group 
Activities” at the end of this 
chapter shows how to graph a 
quadratic equation by using a 
graphing calculator. You may 
want to verify the graphs you 
draw in this section against 
those drawn by a graphing 
calculator. 
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Graphing Quadratic Equations in 
Two Variables 


To graph a quadratic equation of the 


form y = ax? + bx +c 


ee 


An equation of the form y = ax? + bx +c, y = 3x? —-x +1 
a#Q0O, is a quadratic equation in two = te = 
variables. Examples of quadratic equa- y= 2x° — Bx 


tions in two variables are shown at the 


right. 


For these equations, y is a function of x, and we can write f(x) = ax? + bx +c. 
This represents a quadratic function. 


The graph of a quadratic equation in two variables is a parabola. The graph is 
cup shaped and opens either up or down. The graphs of two parabolas are 


shown below. 


Parabola that opens up 


Graph y=—x7 — 2x — 3. 


eX 


> X 


Parabola that opens down 


© Find several solutions of the equation. Because the graph is not a 
straight line, several solutions must be found in order to determine 
the cup shape. Display the ordered-pair solutions in a table. 


me X 


Aa ey 

Our 3 

1) =4 

Hee () 

a, 

oa) 
fis 2 4 


* Graph the ordered-pair solutions ona 
rectangular coordinate system. Draw a 
parabola through the points. 
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POINT OF INTEREST => Graph y = —2x* + 1. 


Mirrors in some telescopes 


are ground into the shape of K y ® Find enough solutions of the equation to determine the cup shape. 
a parabola. The mirror at 0 ate Display the ordered-pair solutions in a table. 

the Palomar Mountain 

Observatory is 2 ft thick at Veleat 

the ends and weighs 14.75 =i) | =1l 

tons. The mirror has been Desay 

ground to a true paraboloid || 


(the three-dimensional version 
of a parabola) to within 
0.0000015 in. A possible 
equation of the mirror is 


» Graph the ordered-pair solutions on a rectangular 
y = 2640x?. 


coordinate system. Draw a parabola through the 
points. 


eX 


Note in the example on page 493 that the coefficient of x* is positive and the 
graph opens up. In the example above, the coefficient of x* is negative and 
the graph opens down. 


Example 1. Graph y = x’ — 2x. You Try It 1. Graph y = x’ + 2. 


Solution x Your solution 


Example 2. Graph y = —x? + 4x —- 4. You Try It2. Graph y = —x? 


Solution Your solution 


pany. All rights reserved. 


Xx 
0 
1 
2 
3 
4 
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Solutions on p. S26 


Copyri 
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11 4 Exercises 


7) oe 


eens Ah et 
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13 yr ke eS 14. y=-x?-2x+3 (5) yo 
iy y x 
t 1 
a 4 Al 
2 , : 
ae > Xx eee Sse % >. 
PA ie Of 2a A Ana Oana 4 a Ole 
=9) 5 a 
-4 ey dis 
16. y= =x + 6x —9 17 18. y = —(x + 1)’ 


APPLYING THE CONCEPTS 


Determine whether the graph of the equation opens up or down. 


1 
LO Oe. 20 =e aes 21.\sp = 


Show that the equation is a quadratic equation in two variables by writing it in the form 
Vian + be tc. 


22) ae 4) 23 Vi = Seb) 24. y—4=2(« —- 3) 


The x-intercepts of the graph of y = ax” + bx + c occur when y = 0. Therefore, the x-coordinate of 


an x-intercept is a solution of ax’ + bx + c = 0. Determine the x-intercepts of the graphs of the fol- 
lowing equations. 


PAY, AY =e a) 26. y=x — 4x 27.) Vie 2 — heel 


| rights reserved. 


SUEEEREVSED 


Evaluate the function. 


28. Find f(3) when f(x) = x? + 3. 29. Find g(2) when g(x) = x? — 2x — 3. 


30. Find S(—2) when S(t) = 27? — 3¢ — 1, 31. Find P(—3) when P(@&) = 3x? = 6x — 7. 
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11.5 Application Problems 


Objective A 


TAKE NOTE 


The time going downstream 
plus the time going upstream 
is equal to the time of the 
entire trip. 


TAKE NOTE 


(Soy 
The solution r = “5 is not 


possible, because the rate 
cannot be a negative number. 


To solve application problems 


——s, [oaen] 
ns ween card ira be cen Se bord siete te T37}) 


The application problems in this section are varieties of those problems solved 
earlier in the text. Each of the strategies for the problems in this section will 


result in a quadratic equation. 


»» In 5 h, two campers rowed 12 mi down a stream and then rowed back to their 
campsite. The rate of the stream’s current was 1 mph. Find the rate at which 


the campers rowed. 


Strategy for Solving an Application Problem 


1. Determine the type of problem. For example, is it a distance-rate 


problem, a geometry problem, or a work problem? 


The problem is a distance-rate problem. 


2. Choose a variable to represent the unknown quantity. Write 
numerical or variable expressions for all the remaining quantities. 


These results can be recorded in a table. 


The unknown rate of the campers: r 


Distance 
Downstream 2 
Upstream 12 


Rate = Time 
12 
pap i — 
Pam || 
12 
p= = 


The total time of the trip was 5 h. 12 


The rowing rate was 5 mph. 


1 


(7 ee 1n(- 
(a BAe Yaar 


1 
DN BA 9 (ee Fes 18) 


= +2) =(r + 1)(r — 195 


127 — 12 + 127 + 12 =5r? —5 


5r + 1 


24r = 5r? -—5 
0 = 5r? — 24r -—5 
0= (5r+ lr —5) 
=0 r=53=0 
r=5 
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Example 1 You Try It 1 

A painter and the painter's apprentice The length of a rectangle is 2 m more than 
working together can paint a room in the width. The area is 15 m2. Find the 

2 h. The apprentice working alone width. 

requires 3 more hours to paint the room 

than the painter requires working alone. 

How long does it take the painter 

working alone to paint the room? 


Strategy Your strategy 
This is a work problem. 


Time for the painter to paint the 
room: t 

Time for the apprentice to paint the 
roomet 73 


Painter 


2 

i 
Apprentice se 
ane) 


The sum of the parts of the task 
completed must equal 1. 


Solution Your solution 


)=ee+ 31 


(+ 3)2 12) = 1(F +3) 
2-6 6+ 28=f + 3t 
0=r-t-6 
0=(¢ — 3)(¢ + 2) 
iO ie) 1) 
t=3 t= 2, 


The solution t = —2 is not possible. 


The time is 3 h. 


Solution on p. S26 
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© 


11.5 Exercises _ 


Objective A Application Problems 


1. The height of a triangle is 2 m more than twice the length of the base. 
The area of the triangle is 20 m’*. Find the height of the triangle and the 
length of the base. 


2. The length of a rectangle is 4 ft more than twice the width. The area of 
the rectangle is 160 ft’. Find the length and width of the rectangle. 


3. The area of the batter's box on a major league baseball field is 24 ft’. 
The length of the batter’s box is 2 ft more than the width. Find the 
length and width of the batter’s box. (Area = LW) 


4. The length of the batter’s box on a softball field is 1 ft less than twice 
the width. The area of the batter’s box is 15 ft’. Find the length and 
width of the batter’s box. y 


5. The length of a swimming pool is twice the width. The area of the pool 
is 5000 ft?. Find the length and width of the pool. (Area = LW) 


6. The length of the singles tennis court is 24 ft more than twice the width. 
The area of the tennis court is 2106 ft’. Find the length and width of the 
court. (Area = LW) 


7. One computer takes 21 min longer to calculate the value of a complex 
equation than a second computer. Working together, these computers 
complete the calculation in 10 min. How long would it take each com- 
puter, working separately, to calculate the value? 


8. A tank has two drains. One drain takes 16 min longer to empty the tank 
than does a second drain. With both drains open, the tank is emptied 
in 6 min. How long would it take each drain, working alone, to empty 
the tank? 


9. Using one engine of a ferryboat, it takes 6 h longer to cross a channel 
than it does using a second engine alone. Using both engines, the ferry- 
boat can make the crossing in 4 h. How long would it take each engine, 
working alone, to power the ferryboat across the channel? 


10. Anapprentice mason takes 8 h longer to build a small fireplace than an 
experienced mason. Working together, they can build the fireplace in 
3 h. How long would it take each mason, working alone, to complete 
the fireplace? 
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It took a small plane 2 h more to fly 375 mi against the wind than to fly 
the same distance with the wind. The rate of the wind was 25 mph. Find 
the rate of the plane in calm air. 


It took a motorboat 1 h more to travel 36 mi against the current than to 
go 36 mi with the current. The rate of the current was 3 mph. Find the 
rate of the boat in calm water. 


APPLYING THE CONCEPTS 


nr: 


14. 


{S: 


16. 


72 


18. 


19. 


20. 


The sum of the squares of four consecutive integers is 86. Find the four 
integers. 


The hypotenuse of a right triangle is V13 cm. One leg is 1 cm shorter 
than twice the length of the other leg. Find the lengths of the legs of the 
right triangle. 


The radius of a large pizza is 1 in. less than twice the radius of a small 
pizza. The difference between the areas of the two pizzas is 337 in’. 
Find the radius of the large pizza. 


The perimeter of a rectangular garden is 54 ft. The area of the garden 
is 180 ft*. Find the length and width of the garden. 


The distance, s, a car needs to come to a stop on a certain surface 
depends on the velocity, in feet per second, v, of the car when the 
brakes are applied. The equation is given by s = 0.0344v? — 0.758v. 
What is the maximum velocity a car can have when the brakes are 
applied and stop within 150 ft? 


A square piece of cardboard is to be formed into a box to trans- 
port pizzas. The box is formed by cutting 2-inch square corners 
from the cardboard and folding them up as shown in the figure 
at the right. If the volume of the box is 512 in*, what are the 
dimensions of the cardboard? 


The hang time of a football that is kicked on the opening kickoff is 
given by s = —16t* + 88¢ + 1, where s is the height of the football t sec- 
onds after leaving the kicker’s foot. What is the hang time of a kickoff 
that hits the ground without being caught? 


A wire 8 ft long is cut into two pieces. A circle is formed from one piece 
and a square is formed from the other. The total area of both figures is 
given by A = (8 — x)’ + —. What is the length of each piece of wire if 
the total area is 4.5 ft?? 
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| Focus on Problem Solving 


Problem solving is often easier when we have both algebraic manipulation 
and graphing techniques at our disposal. Solving quadratic equations and 


Graphing Techniques graphing quadratic equations in two variables are used here to solve problems 


involving profit. 


A company’s revenue, R, is the total amount of money the company earned by 
selling its products. The cost, C, is the total amount of money the company spent 
to manufacture and sell its products. A company’s profit, P, is the difference 
between the revenue and cost: P = R — C. A company’s revenue and cost may be 
represented by equations. 


A company manufactures and sells woodstoves. The total monthly cost, in 
dollars, to produce n woodstoves is C = 30n + 2000. Write a variable expression 
for the company’s monthly profit if the revenue, in dollars, obtained from selling 
all nm woodstoves is R = 150n — 0.4n?. 


P=R-C 
P = 150n — 0.4n? — (30n + 2000) * Replace R by 150n — 0.4n? and C 
P = —0.4n* + 120n — 2000 by 30n + 2000. Then simplify. 


How many woodstoves must the company manufacture and sell in order to make 
a profit of $6000 a month? 


P = —0.4n? + 120n — 2000 


6000 = —0.4n? + 120n — 2000 ® Substitute 6000 for P. 
0 = —0.4n* + 120n — 8000 ° Write the equation in 
standard form. 
0 =n’ — 300n + 20,000 ® Divide each side of the 
equation by —0.4. 
0 = (x — 100)( — 200) ® Factor. 
n — 100 =0 n — 200 = 0 ® Solve for n. 
n = 100 n = 200 


The company will make a monthly profit of $6000 if either 100 or 200 wood- 
stoves are manufactured and sold. 


The graph of P = —0.4n? + 120n — 2000 is shown 7 

at the right. Note that when P = 6000, the values 8000 |150; 7000) 
of n are 100 and 200. 6000 

Also note that the coordinates of the highest point 4000 


on the graph are (150, 7000). This means that the 
company makes a maximum profit of $7000 per 
month when 150 woodstoves are manufactured 0 


and sold. 


100. 200 


—2000 


1. The total cost, in dollars, for a company to produce and sell m guitars per 
month is C = 240n + 1200. The company’s revenue, in dollars, from selling 
all n guitars is R = 400n — 2n’. 

a. How many guitars must the company produce and sell each month in 
order to make a monthly profit of $1200? 

b. Graph the profit equation. What is the maximum monthly profit the 
company can make? 
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Graphical Solutions 
of Quadratic 
Equations 


TAKE NOTE 


Suggestions for graphing 
equations and finding the 
x-intercepts can be found in 
the appendix. 


Properties of 
Polynomials 


TAKE NOTE 


Suggestions for graphing 
equations can be found in the 
appendix. For this particular 
activity, it may be necessary to 
adjust the viewing window so 
that you can get a reasonably 
accurate graph of the equation. 
Try Ymax = 1000, 

Ymin = —1000, and 

Yscl = 100. 


Chapter 11 / Quadratic Equations 


| Projects and Group Activities 


The real number solutions of quadratic 
equations can be approximated by graph- 
ing. Recall that to find an x-intercept for 
a graph, replace y by 0 and solve for x. 
For instance, to find the x-intercepts of 
y=x — 3%, 5, first replace yaby zero. 
That produces the quadratic equation 
0 = x? — 3x — 5. The solutions of this equa- 
tion can be found by using the quadratic 
formula or by graphing y =x? — 3x — 5 
and approximating the x-intercepts. 


The approximate 


solutions are —1.192582 


and 4.1925824. 


1. Graphically approximate the solutions of 2x* — 3x — 7 = 0. 


2. Graphically approximate the solutions of x* + 5x = 1. Suggestion: First write 
the equation in standard form. 

3. Graphically approximate the solution of 7x? — V17x — * = 0. 

4. The solution of 0.5x* — 2x + 2 = 0 is a double root. Graphically approximate 
the solution and explain how the graph of y = 0.5x* — 2x + 2 confirms that 
statement. 

5. There are no real number solutions of x* + 4x + 5 = 0. Explain how the 


graph of y = x? + 4x + 5 confirms that statement. 


The graph of a fifth-degree polynomial 
with 4 turning points is shown at the right. 
In this project you will graph various poly- 
nomials and try to make a conjecture as to 


_ the relationship between the degree of a 


polynomial and the number of turning 
points in its graph. For each of the follow- 
ing, graph the equation. Record the degree 
of the equation and the number of turn- 
ing points. 

Graph: y =x? + 1 

Graph: y = x? + 2x* — 5x —6 

Graph: y = x* — x? — 11x? — x -— 12 


Graph: y = x* — 2x? — 13x? + 14x + 24 


5 


Graphay =~ 2 


| 


5 


Graph: y 


Se, Ol eee 


x° 3x4 — 1138 Ht 27x24 10x= 24 
Graph: y = x° — 2x* — 10x? + 10x7 —“11x + 12 


Make a conjecture as to a relationship between the degree of a polynomial and 
the number of turning points in its graph. Graph a few more polynomials of your 
choosing and see whether your conjecture is valid for those graphs. If not, refine 


your conjecture and test it again. 
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Iterative 
Calculations 


TAKE NOTE 


To perform these calculations 
with a TI calculator, first store 
0.05 in P and then store the 
expression in P. The screen 
should appear as below. 


0.05->P 


P+3P(I-P)->P 


Each time you press the 
ENTER key, the expression 

is evaluated with the previous 
result. 


0.05->P 

05 
P+3P(I-P)->P 

1925 


.65883125 
1.333149152 
7.366232839E-4 


Geometric 
Construction of 
Completing the 

Square 
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Projects and Group Activities 


Consider the three expressions 


P+ 2op(l— p) p(4 — 3p) 4p — 3p? 


When these expressions are written in simplest form, they each become 
4p — 3p*. It would seem that if you used a graphing calculator to evaluate these 
expressions, each one should give the same result. However, that is not the case, 
as we show in this project. 


We begin with p = 0.5. Evaluating each of the expressions gives the same result, 
0.1925. Now replace p in each expression with the current value in the 
display, 0.1925 in this case. This is called feedback because we are feeding our 
outputs back into each expression as inputs. Each new evaluation is called an 
iteration. The table below shows the results of performing the calculations on a 
TI-83 calculator. 


Iteration p + 3p(i — p) p(4 — 3p) 4p — 3p? 
1 0.1925 On ONO 
2 0.65883125 0.65883125 0.65883125 
3 1.333149152 1.333149152 1.333149152 
4 7.366232839E-4 7.366232839E-4 7.366232838E-4 
5) 0.0029448653 0.0029448653 0.0029448653 
6 0.0117534445 0.0117534445 0.0117534445 
i 0.0465993476 0.0465993476 0.0465993475 
20 1.121356187 1.121356207 1.121356084 
30 0.9471633048 0.9471899467 0.9470331284 
40 0.5648166575 0.5352103994 0.7113151932 


Note that for the 40th iteration the values are approximately 0.03 different 
between columns 2 and 3, and 0.15 different between columns 2 and 4. 


1. Use a calculator to find the first 40 iterations for p = 0.025 for 4p — 3p* and 
ppl p). 

2. Use a calculator to find the first 40 iterations for p = 0.5 for 4p — 3p* and 
pa): 

3. Expressions of the form p + rp(1 — p) [which is the form of p + 3p(1 — p) 
with r = 3] are called Verhulst population models. Make up your own expres- 
sion of this form, choosing some other value of r and a value of p. 


4. Write a short paragraph on Verhulst population models. 


Completing the square as a method of solving a quadratic equation has been 
known for centuries. The Persian mathematician Al-Khwarismi used _ this 
method in a textbook written around 825 A.D. The method was very geometric. 
That is, Al-Khwarismi literally completed a square. To understand how this 
method works, consider the following geometric shapes: a square whose area is 
x’, a rectangle whose area is x, and another square whose area is 1. 


[1] 
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Now consider the expression x? + 6x. From our discussion in this chapter, to 
2 
complete the square, we added (; : 6) = 3? = 9 to the expression. Here is the 


geometric construction that Al-Khwarismi used. 


9 squares were 
added 


Note that it is necessary to add 9 squares to the figure to “complete the square.” 
One of the difficulties of using a geometric method such as this is that it cannot 
easily be extended to x* — 6x. There is no way to draw an area of —6x! That really 
did not bother Al-Khwarismi much. Negative numbers were not a significant 
part of mathematics until well into the 13th century. 


1. Show how Al-Khwarismi would have completed the square for x? + 4x. 
2. Show how Al-Khwarismi would have completed the square for x* + 10x. 


3. Do the geometric constructions for Exercises 1 and 2 correspond to the 
algebraic method shown in this chapter? 


| Chapter Summary 


Key Words A quadratic equation is an equation of the form ax? + bx + c = 0, wherea  0.A 
quadratic equation is also called a second-degree equation. 


A quadratic equation is in standard form when the polynomial is in descending 
order and equal to zero. 


A quadratic equation in two variables is given by y = ax? + bx + c, where a ¥ 0. 


A quadratic function is given by f(x) = ax’ + bx + c, where a # 0. The graph of a 
quadratic function is a parabola. 


Essential Rules The Quadratic Formula 


bt VP aac 
2a 


The Square Root Property 
If x? =a, then x = +V4a. 
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| Chapter Review 


1. Solve by factoring: 6x? + 13x — 28 =0 2. Solve by taking square roots: 
49x? = 25 
3. Solve by completing the square: 4. Solve by using the quadratic formula: 
n+ 2x4 — 24=0 ak 0—= 0 
5. Solve by completing the square: 6. Solve by factoring: 12x? + 10 = 29x 
2 bx = 12 
7. Solve by taking square roots: 8. Solve by using the quadratic formula: 
(x + 2)? —-24=0 2 3 = 5x 
9. Solve by factoring: 6x(x + 1) =x — 1 10. Solve by taking square roots: 
4y7>+9=0 
11. Solve by completing the square: 12. Solve by using the quadratic formula: 
x? —4x+1=0 aon — 25,0) 
13. Solve by completing the square: 14. Solve by factoring: (x + 9)? =x + 11 


x°+6x+12=0 


15. Solve by taking square roots: 16. Solve by completing the square: 
Ee 29 Aga Gace 7 
(x ed rd 


Copyright © Houghton Mifflin Company. All rights reserved. 


506 Chapter 11 / Quadratic Equations 


17. Solve by using the quadratic formula: 18. Solve by using the quadratic formula: 
x? —4x+8=0 2x7 + 5x +20 
19. Graph y = —3x’. 20. Graph y = eae 
y y 
4 4 
2 2 
Sah 6 ESCO iiee «. x 
S10 om Oe oe 4 tO eran 
2 =2 
-4 -4 
2ijeGraphy —2% 1. 22. Graph y=x* — 4x43. 
y y 
4 4 
2 2 
-4 ey Seem je ea 
=) -2 
-4 -4 


23. Graph y = —x? + 4x — 5. 


24. It took a hawk half an hour more to fly 70 mi against the wind than to go 


40 mi with the wind. The rate of the wind was 5 mph. Find the rate of the 
hawk in calm air. 
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. 


| Chapter Test. 


1. Solve by factoring: x? — 5x —-6=0 2. Solve by factoring: 3x? + 7x = 20 


3. Solve by taking square roots: 4. Solve by taking square roots: 
Nee) = 50 = 0 314) 600 
¢ 
5. Solve by completing the square: 6. Solve by completing the square: 
x? +4x-16=0 K+ 3x = 8 
7. Solve by completing the square: 8. Solve by completing the square: 
20° —=ox + 1=0 2x? + 8x = 3 
iz 
ie 
= 
2 
; a 
Ve 
Oo 
Dg 
& 
is 
E 
2 9. Solve by using the quadratic formula: 10. Solve by using the quadratic formula: 
e e+ 4x+2=0 pee iar 8 
a 
8 
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11. Solve by using the quadratic formula: 12. Solve by using the quadratic formula: 
2x? — 5x —3 =0 3 i = I 


13. Graph y =x? + 2x — 4. 


14. The length of a rectangle is 2 ft less than twice the width. The area of 
the rectangle is 40 ft*. Find the length and width of the rectangle. 


15. It took a motorboat 1 h more to travel 60 mi against a current than it 
took the boat to travel 60 mi with the current. The rate of the current 
was 1 mph. Find the rate of the boat in calm water. 
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| Cumulative Review 


1. Simplify: 2x ~ 3[2x — 4(3 — 2x) +2] -3 2. Solve: 2x = = 

3. Solve: 2x — 3(4x — 5) = —3x — 6 4. Simplify: (2a7b)?(—3a*b’) 

5. Simplify: (x* — 8) + (@ — 2) 6. Factor: 3x° + 2x* — 8x 

; are.,.| He = Oe Di see F oe, ee = 1 
7h SA OU ise are ea So UD eae ee 
je age te 
Ps 2 

{ 9. Simplify: aru 10. Find the x- and y-intercepts for the graph of 
2---+ the line 4x — 3y = 12. 
Xx x 

11. Find the equation of the line that contains 12. Solve by substitution: 

olla 4 34 = y=) 
the point (—3, 2) and has slope a eae 

| = 13. Solve by the addition method: 145° "Solver2% —3(0— 3x) s5 
 ; 3x + 2y =2 
a 5a Say = 1A 
| 6 
; & 
_ = 
bm 2 15. Simplify: (Va — V2)(Va + V2) 16. Simplify: a 
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Myke 


19. 


34) Fs 


23. 


25. 


ile 


29: 
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V3 


Simplify: es 


Solve by factoring: 6x? — 17x = —5 


Solve by completing the square: 
oe 3 


Find the cost per pound of a mixture made 
from 20 lb of cashews that cost $3.50 per 
pound and 50 lb of peanuts that cost $1.75 
per pound. 


A 720-mile trip from one city to another takes 
3 h when a plane is flying with the wind. The 
return trip, against the wind, takes 4.5 h. 
Find the rate of the plane in still air and the 
rate of the wind. 


The sum of the squares of three consecu- 
tive odd integers is 83. Find the middle odd 
integer. 


Graphi27 — 3y = 6: 


18. 


20. 


22: 


24. 


26. 


28. 


30. 


Solve: 3 = 8 — V5x 


Solve by taking square roots: 
2(x — 5)? = 36 


Solve by using the quadratic formula: 
2x? — 3x —-2 =0 


A stock investment of 100 shares paid a divi- 
dend of $215. At this rate, how many addi- 
tional shares are required for the investor to 
earn a dividend of $752.50? 


A student received a 70, a 91, an 85, anda 77 
on four tests in a mathematics class. What 
scores on the last test will enable the student 
to receive a minimum of 400 points? 


A jogger ran 7 mi at a constant rate, and then 
reduced the rate by 3 mph and ran an addi- 
tional 8 mi at the reduced rate. The total time 
spent jogging the 15 mi was 3 h. Find the jog- 
ger’s rate for the last 8 mi. 


Graph y = x? — 2x — 3. 
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| Final Exam 


ff; 


EP 


2. 


E7. 


19. 


21. 


Evaluate —|—3], 


Simplify: —2* - (—2)4 


a’ — 3b 


Evaluate ——— when a = 3 and b = -2. 


2a — 2b 
Simplify: (-152)(-2) 
2 
Solve: 20 = — 3% 


Write j as a percent. 
Simplify: (247 — 5x + 1) — (5x? — 2x — 7) 
Simplify: (3x? — x — 2)(2x + 3) 


12x*y — 16x?y? — 20y’ 
Axy’ 


Simplify: 


Simplify: (4x *y)?(2xy *)? 


Factor: x? — 5x — 6 


Z, 


10. 


1Z 


14. 


16. 


18. 


20. 


22, 


Subtract: —15 — (—12) —3 


(A 5 ls, 
f= 
je (AN) 


- (4) 


Simplify: 


Simplify: 6x — (—4y) — (—3x) + 2y 


Simplity:— 7/5 — 307 — 7 2 


€ 


Solve: 4 — 2(3x + 1) = 3(2 —x) +5 


Find 19% of 80. 


Simplify: (—3xy*)* 


(—2x2y3)3 
(—4xy*) 


Simplify: 


Siunpldyaioee— 2 — 1) 2) 


Given f(t) = = find f (3). 


Factor: 6x” — 5x — 6 
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23. 


IRs 


2H. 


S42), 


31. 


Sih 


SBE 


37. 


39. 


41. 


43. 
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Factor: 8x° — 28x? + 12x 


Factor: 2a(4 — x) — 6(x — 4) 


Solve: 2x7 = 7x — 3 


5 4 5) 3x 
Simplify: a eee 
Be a 
Solve: eae 3 ee 


Find the slope of the line that contains the 
Points (aie 3 atid. (2 el): 


Solve by substitution: 
y=4x-7 
y=2x +5 


Solve: 4 -—x =7 


Simplify: V49x° 


V3 
V5 -2 


Simplify: 


Solve by factoring: 
30 =a 


24. 


26. 


28. 


30. 


SZ: 


34. 


56; 


38. 


40. 


42. 


44. 


Factor: 25x” — 16 


Factor: 75y — 12x’y 


4x? + 4x 
x?-2x+1 


Gite Sa 
4x? — 2x 


Simplify: 2 


Simplify: x — —— 
| oe oS 
x 


Solve a = 3a — 2b fora. 


Find the equation of the line that contains 


the point (3, —4) and has slope -5. 


Solve by the addition method: 
4x —3y = 11 
2x + by >] 


Solve: 2 ="2(y'="1) = 2) = 6 


Simplify: 2\V/27a + 8\/48a 


Solve: V2x —-3 +4=5 


Solve by using the quadratic formula: 
Ax? = 25 — 1 =) 
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45. 


46. 


47. 


48. 


49. 


50. 


SE 


52, 


Translate and simplify “the sum of twice a number and three times the 
difference between the number and two.” 


Because of depreciation, the value of an office machine is now $2400. 
This is 80% of its original value. Find the original value. 


The manufacturer’s cost for a laser printer is $900. The manufacturer 
then sells the printer for $1485. What is the markup rate? 


An investment of $3000 is made at an annual simple interest rate of 8%. 
How much additional money must be invested at 11% so that the total 
interest earned is 10% of the total investment? 


A grocer mixes 4 lb of peanuts that cost $2 per pound with 2 |b of 
walnuts that cost $5 per pound. What is the cost per pound of the result- 
ing mixture? 


A pharmacist mixes together 20 L of a solution that is 60% acid and 
30 L of a solution that is 20% acid. What is the percent concentration 
of the acid in the mixture? 


At 2 P.M. a small plane had been flying 1 h when a change of wind direc- 
tion doubled its average ground speed. The pilot completed the 860- 
kilometer trip in 2.5 h. How far did the plane travel in the first hour? 


The angles of a triangle are such that the second angle is 10° more than 
the first angle and the third angle is 10° more than the second angle. 
Find the measure of each of the three angles. 
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53. The sum of the squares of three consecutive integers is 50. Find the 
middle integer. 


54. The length of a rectangle is 5 m more than the width. The area of the 
rectangle is 50 m2. Find the dimensions of the rectangle. 


55. A paint formula requires 2 oz of dye for every 15 oz of base paint. How 
many ounces of dye are required for 120 oz of base paint? 


56. It takes a chef 1 h to prepare a dinner. The chef's apprentice can prepare 
the dinner in 1.5 h. How long would it take the chef and the apprentice, 
working together, to prepare the dinner? 


57. With the current, a motorboat travels 50 mi in 2.5 h. Against the cur- 
rent, it takes twice as long to travel 50 mi. Find the rate of the boat in 
calm water and the rate of the current. 


: : Sams ees | ” : 
58. Flying against the wind, it took a pilot — h longer to travel 500 mi than 


it took flying with the wind. The rate of the plane in calm air is 
225 mph. Find the rate of the wind. 


59. Graph the line that has slope = and 60. Graph y =x — 4x + 3. 


y-intercept (0, —3). 


y Fy 
at 4} 
; + 
z 2+ 
ear et ee ee 
—+ —2 0 2 ~ _4 23 Oo} s 2 4 z 
_2| 24 
| 
=A “i 


—10 
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Appendix: Guidelines for Using Graphing Calculators 


TEXAS INSTRUMENTS TI-83 


To evaluate an expression 

a. Press the key. A menu showing \Y1 = through \Y7 = will be displayed ver- 
tically with a blinking cursor to the right of \Y1 =. Press [CLEAR], if necessary, 
to delete an unwanted expression. 

b. Input the expression to be evaluated. For example, to input the expression 
—3a*b — 4c, use the following keystrokes: 


(-)] 3 [ALPHA] a [A] 2 [ALPHA] B [=] 4 C QUIT 
Note the difference between the keys for a negative sign and a minus sign 
pea 
c. Store the value of each variable that will be used in the expression. For exam- 
ple, to evaluate the expression above when a = 3, b = —2, and c = —4, use 
the following keystrokes: 
3 [STO> ] [ALPHA] A [ENTER] [(-)] 2 [STOD>] [ALPHA] B [ENTER] [()] 4 [STO> 
ALPHA | C |ENTER 
¢ 
These steps store the value of each variable. 
d. Press [VARS] [>] [1] [1] [ENTER]. The value for the expression, Y1, for the 
given values is displayed; in this case, Y1 = 70. 


To graph a function 

a. Press the key. A menu showing \Y1 = through \Y7 = will be displayed ver- 
tically with a blinking cursor to the right of \Y1 =. Press [CLEAR], if necessary, 
to delete an unwanted expression. 

b. Input the expression for each function that is to be graphed. Press to 

input x. For example, to input y = x*? + 2x” — 5x — 6, use the following key- 

strokes: 

[>< Ten] [A] 3 L+] 2 [x Ten] [A] 2 [=] 5 [XTan] [=] 6 

Set the domain and range by pressing [WINDOW]. Enter the values for the 

minimum x-value (Xmin), the maximum x-value (Xmax), the distance 

between tick marks on the x-axis (Xscl), the minimum y-value (Ymin), the 
maximum y-value (Ymax), and the distance between tick marks on the y-axis 

(Yscl). Now press [GRAPH]. For the graph shown at the left, Xmin = —10, 

Xmax = 10, Xscl = 1, Ymin = —10, Ymax = 10, and Yscl = 1. This is called 

the standard viewing rectangle. Pressing [6] is a quick way to set the 

calculator to the standard viewing rectangle. Note: This will also immediately 
graph the function in that window. 

d. Press the key. The equal sign has a black rectangle around it. This indi- 
cates that the function is active and will be graphed when the key is 
pressed. A function is deactivated by using the arrow keys. Move the cursor 
over the equal sign and press [ENTER], When the cursor is moved to the right, 
the black rectangle will not be present and that equation will not be active. 

e. Graphing some radical equations requires special care. To graph the function 
y = V2x + 3, enter the following keystrokes: 


[Y=] [2nd] V2 [Kon] (4) 3D] 
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The graph is shown below. 


1Q Joo n pitti 1( 


—10 


To display the x-coordinates of rectangular coordinates as integers 


a. Set the viewing window as follows: Xmin = —47, Xmax = 47, Xscl = 10, 
Ymin = —31, Ymax = 31, Yscl = 10. | 


b. Graph the function and use the TRACE feature. Press and then move 
the cursor with the [<1] and [=] keys. The values of x and y = f(x) displayed 
on the bottom of the screen are the coordinates of a point on the graph. 

To display the x-coordinates of rectangular coordinates in tenths 

a. Set the viewing window as follows: [4] 

b. Graph the function and use the feature. Press and then move 


the cursor with the [<’] and [] keys. The values of x and y = f(x) displayed 
on the bottom of the screen are the coordinates of a point on the graph. 


To evaluate a function for a given value of x, or to produce ordered pairs 

of a function 

a. Input the equation; for example, input y, = 2x° — 3x + 2. 

b. Press OU 

c. Input a value for x; for example, to input 3 press 3 [STO>] [X,T.¢,n] [ENTER]. 

d. Press [VARS] [5] [1] [1] [ENTER]. The value for the expression, Y1, for the | 
given x-value is displayed, in this case, Y1 = 47. An ordered pair of the func- | 
tion is (3, 47). 

e. Repeat steps c. and d. to produce as many pairs as desired. The TABLE fea- 
ture of the T/-83 can also be used to determine pairs. 


ZOOM FEATURES 


| 
| 
To zoom in or out on a graph | 


a. Here are two methods of using ZOOM. The first method uses the built-in fea- 
tures of the calculator. Move the cursor to a point on the graph that is of 
interest. Press [ZOOM]. The ZOOM menu will appear. Press to 
zoom in on the graph by the amount shown under the SET FACTORS menu. 
The center of the new graph is the location at which you placed the cursor, 
Press [ZOOM] [3] [ENTER] to zoom out on the graph by the amount under the 
SET FACTORS menu. (The SET FACTORS menu is accessed by pressing 
[ZOOM] [E ] [4].) , i 

b. The second method uses the ZBOX option under the ZOOM menu. To use 
this method, press [1]. A cursor will appear on the graph. Use the 
arrow keys to move the cursor to a portion of the graph that is of interest. 
Press [ENTER]. Now use the arrow keys to draw a box around the portion of 


the graph you wish to see. Press [ENTER], The portion of the eraph defined by 
the box will be drawn. 


c. Pressing [ZOOM] [6] resets the window to the standard 10 x 10 viewing 
window. 


Ee 
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X=-1.686141 
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SOLVING EQUATIONS 


This discussion is based on the fact that the solution of an equation can be 
related to the x-intercepts of a graph. For instance, the real solutions of the equa- 
tion x* =x + 1 are the x-intercepts of the graph of f(x) = x? — x — 1, which are 
the zeros of f. 

To solve x* = x + 1, rewrite the equation with all terms on one side. The equa- 
tion is now x? — x — 1 = 0. Think of this equation as Y1 = x? — x — 1. The x- 
intercepts of the graph of Y: are the solutions of the equation x* = x + 1. 

a. Enter x? — x — 1 into Y1. 


b. Graph the equation. You may need to adjust the viewing window so that the 
x-intercepts are visible. 


c,||\Press GALC (24, 

d. Move the cursor to a point on the curve that is to the left of an x-intercept. 
Press [ENTER )}, 

e. Move the cursor to a point on the curve that is to the right of an x-intercept. 
Press |ENTER), 

f. Press [ENTER], 


g. The root is shown as the x-coordinate on the bottom of the screen; in this 
case, the root is approximately —0.618034. To find the next intercept, repeat 
steps c. through f. The SOLVER feature under the MATH menu can also be 
used to find solutions of equations. 


SOLVING SYSTEMS OF EQUATIONS IN TWO VARIABLES 


To solve a system of equations 


2 
i ee | 
To solve 1 a4 
—xt+y=1 ; 
2 
a. Solve each equation for y. 
b. Enter the first equation as Y1. For instance, Y1 = x* — 1. 


1 


c. Enter the second equation as Y2. For instance, Y2 = 1 — 5%: 


d. Graph both equations. (Note: The point of intersection must appear on the 
screen. It may be necessary to adjust the viewing window so that the point(s) 
of intersection are displayed.) 


Gr Press CALC [5]. 

f. Move the cursor to the left of the first point of intersection. Press [ENTER], 
g. Move the cursor to the right of the first point of intersection. Press [ENTER]. 
h. Press [ENTER], 

i. The first point of intersection is (—1.686141, 1.8430703). 

j. Repeat steps e. through h. for each point of intersection. 


FINDING MINIMUM OR MAXIMUM VALUES OF A FUNCTION 
a. Enter the function into Y1. The equation y = x* — x — 1 is used here. 


b. Graph the equation. You may need to adjust the viewing window so that the 
maximum or minimum points are visible. 

c. Press CALC to determine a minimum value or press CALC 
to determine a maximum value. 

d. Move the cursor to a point on the curve that is to the left of the minimum 


(maximum). Press LENTER), 
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10 


—19 Joost 


—10 


Move the cursor to a point on the curve that is to the right of the minimum 


(maximum). Press [ENTER], 
Press [ENTER], 


The minimum (maximum) is shown as the y-coordinate on the bottom of the 
screen; in this case the minimum value is —1.25. 


SHARP EL-9600 


To 
ae 


To 
a. 
b. 


evaluate an expression 

The SOLVER mode of the calculator is used to evaluate expressions. To enter 
SOLVER mode, press SOLVER [CL]. The expression —3a*b — 4c must 
be entered as the equation —3a’b — 4c = t. The letter t can be any letter other 
than one used in the expression. Use the following keystrokes to input 
—3a*b — 4c = t: 

[©] 3 [ALPHA] A [@?] 2 [¢ ] [ALPHA] B [— ] 4 [ALPHA] C [ALPHA] [= | [ALPHA] 
T 


Note the difference between the keys for a negative sign (—) and a minus sign. 


After you press [ENTER], variables used in the equation will be displayed on 
the screen. To evaluate the expression for a = 3, b = —2, and c = —4, input 
each value, pressing after each number. When the cursor moves to T, 
press EXE. T = 70 will appear on the screen. This is the value of the 
expression. To evaluate the expression again for different values of a, b, and 


c, press QUIT and then SOLVER. 


+t Q 
Press 3 to return to normal operation. 


graph a function 
Press the key. The screen will show Y1 through Ys. 


Input the expression for a function that is to be graphed. Press to 


enter an x. For example, to input y = st — 3, use the following keystrokes: 


=) (60) (0 1 =) 2 Dy) Gea) [=] 3 [ENTER] 


Set the viewing window by pressing [WINDOW]. Enter the values for the min- 
imum x-value (Xmin), the maximum x-value (Xmax), the distance between 
tick marks on the x-axis (Xscl), the minimum y-value (Ymin), the maximum 
y-value (Ymax), and the distance between tick marks on the y-axis (Yscl). 
Press after each entry. Press [GRAPH]. For the graph shown at the left, 
enter Xmin = —10, Xmax = 10, Ymin = —10, Ymax = 10. Press [GRAPH], 


Press to return to the equation. The equal sign has a black rectangle 
around it. This indicates that the function is active and will be graphed when 
the [GRAPH] key is pressed. A function is deactivated by using the arrow keys. 
Move the cursor over the equal sign and press [ENTER]. When the cursor is 


moved to the right, the black rectangle will not be present and that equation 
will not be active. 


. Graphing some radical equations requires special care. To graph the function 


y = V2x + 3, enter the following keystrokes: 
[v=] [cL] [2ndF] VW" 2 Deen) [+] 3 [2] 
The graph is shown at the left. 


display the xy-coordinates as integers 
Press eats: 
Graph the function. Press [TRACE].Use the left and right arrow keys to trace 
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along the graph of the function. The x- and y-coordinates of the function are 
shown on the bottom of the screen. 


To display the xy-coordinates in tenths 


a. Press ifs 


b. Graph the function. Press [TRACE] Use the left and right arrow keys to trace 
along the graph of the function. The x- and y-coordinates of the function are 
shown on the bottom of the screen. 


To evaluate a function for a given value of x, or to produce ordered pairs 
of the function 
a. Press [Y=]. Input the expression. For instance, input 


2 3 [-] 3 [xem] [+ ] 2. Press [ENTER]. 
+ 
b. Press e . Store the x-coordinate of the ordered pair you want in [X/T/é/n], 


For instance, enter 3 |STO} |X/T/6/n} |ENTER}, 


c. Press ENTER) | [ENTER], The value of y, 47, will be displayed on the 
screen. The ordered pair is (3, 47). The TABLE feature of the calculator can 


also be used to find many ordered pairs for a function. 


ZOOM FEATURES OF THE SHARP EL-9600 é 


To zoom in or out on a graph 

a. Here are two methods of using ZOOM. The first method uses the built-in fea- 
tures of the calculator. Move the cursor to a point on the graph that is of 
interest. Press [ZOOM], The ZOOM menu will appear. Press 3 to zoom in on 
the graph by the amount shown by FACTOR. The center of the new graph is 
the location at which you placed the cursor. Press 4 to zoom out on 
the graph by the amount shown in FACTOR. 

b. The second method uses the BOX option under the ZOOM menu. To use this 
method, press 2. A cursor will appear on the screen. Use the arrow 
keys to move the cursor to a portion of the graph that is of interest. Press 
[ENTER]. Use the arrow keys to draw a box around the portion of the graph 
you wish to see. Press [ENTER]. 


SOLVING EQUATIONS OR SYSTEMS OF EQUATIONS IN 
TWO VARIABLES 


This discussion is based on the fact that the real solutions of an equation can be 

related to the x-intercepts of a graph. For instance, the real solutions of 
=x + 1 are the x-intercepts of the graph of f(x) = x? — x — 1, which are the 

zeros of f. 

To solve x* =x + 1, rewrite the equation with all terms on one side of the 

equation. The equation is now x*—x-—1=0. Think of this equation as 

Y1 = x* — x — 1. The x-intercepts of the graph of Yi are the solutions of the equa- 


tion x? =x + 1. 

4.’ Enter:x?— «x — 1 into Y1. 

b. Graph the equation. You may need to adjust the viewing window so that the 
x-intercepts are visible. 

C; EACeS CALC 5 


d. A solution is shown as the x-coordinate at the bottom of the screen. To find 
the next intercept, move the cursor to the right of the first x-intercept. Then 


press CALC 5. 
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SOLVING SYSTEMS OF EQUATIONS 


To solve a system of equations | 

a. Solve each equation for y. | 

b. Press and then enter both equations. 

c. Graph the equations. You may need to adjust the viewing window so that the 
point of intersection is visible. 

d. Press CALC 2 to find the point of intersection. Pressing CALG2 
again will find the next point of intersection. 


e. The x- and y-coordinates at the bottom of the screen are the coordinates for 
the point of intersection. 


FINDING MAXIMUM AND MINIMUM VALUES OF A FUNCTION 
a. Press and then enter the function. 


b. Graph the equation. You may need to adjust the viewing window so that the 
maximum (minimum) are visible. 


c. Press CALC 3 for the minimum value of the function or CALG4 
for the maximum value of the fuction. 


d. The y-coordinate at the bottom of the screen is the maximum (minimum). 


CASIO CFX-9850G 


To evaluate an expression 
a. Press [5]. Use the arrow keys to highlight Y1. 


b. Input the expression to be evaluated. For example, to input the expression 
—3A’B — AC, use the following keystrokes: 


(-)] 3 [ALPHA] A [x2] [ALPHA] B [— ] 4 [ALPHA] C [EXE 
Note the difference between the keys for a negative sign and a minus sign 


[oui 

Cay Press 1. Store the value of each variable that will be used in the 
expression. For example, to evaluate the expression above when A = 3, 
B = —2, and C = —4, use the following keystrokes: 
3 — [ALPHA] A [EXE] [(-)] 2 — [ALPHA] B 4 — [ALPHA] C [EXE 


These steps store the value of each variable. 
d. Press [VARS] [F4] [Fi] 1 [EXE]. 


The value of the expression, Y1, for the given values is displayed; in this case, 
Yi = 70. 


To graph a function 
a. Press Menu to obtain the GRAPH FUNCTION Menu. 


b. Input the function that you desire to graph. Press to input the variable 
x. For example, to input y = x° + 2x* — 5x — 6, use the following keystrokes: 


[xe.T] [A] 3 [+] 2 Keer) G7] (2) 5 eer] [=] 6 Exe] 


c. Set the viewing window by pressing and the Range Parameter 
Menu will appear. Enter the values for the minimum x-value (Xmin), maxi- 
mum x-value (Xmax), units between tick marks on the x-axis (Xscl), mini- 
mum y-value (Ymin), maximum y-value (Ymax), and the units between tick 
marks on the y-axis (Yscl). Press after each of the 6 entries above. 
Press [EXIT], or [QUIT], to leave the Range Parameter Menu. 


d. Press to draw the graph. For the graph shown at the left, Xmin = —10 
Xmax = 10, Xscl = 1, Ymin = —10, Ymax = 10, Yscl = 1. 
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In the equation for Y1, there is a rectangle around the equal sign. This indi- 
cates that this function is active and will be graphed when the key is 
pressed. A function is deactivated by using the key. After using this key 
once, the rectangle around the equal sign will not be present and that func- 
tion will not be graphed. 


To display the x-coordinates of rectangular coordinates as integers 


a. 


b. 


To 


Set the Range as follows: For example, set Kmin = —63, Xmax = 63, 
Xscl = 10, Ymin = —32, Ymax = 32, Yscl = 10. 

Graph a function and use the Trace feature. Press and then move the 
cursor with the and the [£ | keys. The values of x and y = f(x) displayed 
on the bottom of the screen are the coordinates of a point on the graph. 
Observe that the x-value is given as an integer. 


display the x-coordinates of rectangular coordinates in tenths 
Set the Range as follows: For example, set Xmin = —6.3, Xmax = 6.3. A 


quick way to choose these range parameter settings is to press from the 
V-Window Menu. 

Graph a function and use the Trace feature. Press and then move the 
cursor with the and the keys. The values of x and y = f(x) displayed 
on the bottom of the screen are the coordinates ofa point on the graph. 
Observe that the x-value is given as a decimal that terminates in the first dec- 
imal place (tenths). 


To evaluate a function for a given value of x, or to produce ordered pairs 
of the function 


a. 


b 
c 
d 


Press [5]. 


. Input the function to be evaluated. For example, input 2x* — 3x + 2 into Y1. 


Press if 

Input a value for x; for example, to input 3 press 
23 5 EXE 

Press [VARS] [F4] [F1] 1 [EXE]. 


The value of Y1 for the given value x = 3 is displayed. In this case, Y1 = 47. 


ZOOM FEATURES 


To 


a. 


zoom in or out on a graph 

After drawing a graph, press Zoom to display the Zoom/Auto Range 
menu. To zoom in on a graph by a factor of 2 on the x-axis and a factor of 1.5 
on the y-axis: 

Press to display the Factor Input Screen. Input the zoom factors for each 
axis: 2 [EXE] 1 [-] 5 [EXE] [EXIT]. Press to redraw the graph according to 
the factors specified above. To specify the center point of the enlarged 
(reduced) display after pressing Zoom use the arrow keys to move the 
pointer to the position you wish to become the center of the next display. You 
can repeat the zoom procedures as needed. If you wish to see the original 
graph, press [Fl]. This procedure resets the range parameters to their 
original values and redraws the graph. 

A second method of zooming makes use of the Box Zoom Function. To use 
this method, first draw a graph. Then press [SHIFT] Zoom [F1]. Now use the 
arrow (cursor) keys to move the pointer. Once the pointer is located at a por- 
tion of the graph that is of interest, press [EXE]. Now use the arrow keys to 
draw a box around the portion of the graph you wish to see. Press [EXE], The 
portion of the graph defined by the box will be drawn. 
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SOLVING EQUATIONS 


This discussion is based on the fact that the real solutions of an equation can 
be related to the x-intercepts of a graph. For instance, the real solutions of 
x? =x + 1 are the x-intercepts of the graph of f(x) = x’ — x — 1, which are the 
zeros of f. 


To solve x2 =x + 1, rewrite the equation with all terms on one side. The equa- 
tion is now x2—x —1=0. Think of this equation as Y1 =x? — x — 1. The 
x-intercepts of the graph of Yi are the solutions of the equation x = 4G 


a. Enter x? — x — 1 into Yi. 


b. Graph the equation. You may need to adjust the viewing window so that the 
x-intercept is visible. 
co Press G-SOLV LF1]. 


d. The root is shown as the x-coordinate on the bottom of the screen; in this 
case, the root is approximately —0.618034. To find the next x-intercept, press 
the right arrow key. 


The EQUA Mode (Press [MENU] [ALPHA] A) can also be used to find solutions of 
linear, quadratic, and cubic equations. 


SOLVING SYSTEMS OF TWO EQUATIONS IN TWO VARIABLES 


The following discussion is based on the concept that the solutions of a system 

of two equations are represented by the point(s) of intersections of the graphs. 
2 

i eins 


The system of equations Ly ed will be solved. 


a. Solve each equation for y. 


b. Enter the first equation in the Graph Menu as Yi. For instance, let 
Viral 


c. Enter the second equation as Y2. For instance, let Y2 = 1 — 5K. 


Intersection d 


x1 BBEIUl . Graph both equations. (Note: The point of intersection must appear on the 


screen. It may be necessary to adjust the viewing window so that the point of 
intersection that is of interest is the only intersection point that is displayed.) 


e. Press [SHIFT] G-SOL [F5 ] [EXE]. 


f. The display will show that the graphs intersect at (— 1.686141, 1.8430703). To 
find the next intersect, repeat step e. 


FINDING MINIMUM OR MAXIMUM VALUES OF A FUNCTION 
a. Bote the function into the graphing menu. For this example we have used 
a ae Nes Lin 


b. Graph the function. Adjust the viewing window so that the maximum or min- 
imum is visible. 


c. Press [SHIFT] G-SOL for a maximum and for a mini- 


mum. 


n Company. All rights reserved. 
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d. The local maximum (minimum) is shown as the y-coordinate on the bottom 
of the screen; in this case, the minimum value is —1.25. 


Appendix 523 


Table of Symbols 
ES el eal ced ek ES gC 


+ add a is less than 
= subtract < is less than or equal to 
-,X,(@(b) multiply - > is greater than 
a Aan 
~,+,a)b divide = is greater than or equal to 
b 
( ) parentheses, a grouping symbol (a,b) anordered pair whose first component is a and 
whose second component is b 
| brackets, a grouping symbol 
; 22 2 degree (for angles) 

7 pi, a number approximately equal to — 

or 3.14 il Va the principal square root of a 
a the opposite, or additive inverse, of a O,{ } the empty set 
1 
3 the reciprocal, or multiplicative inverse, of a la| the absolute value of a 
= is equal to U union of two sets 
= iS approximately equal to y M intersection of two sets 
wa is not equal to € is an element of (for sets) 


Table of Measurement Abbreviations 


U.S. Customary System 


Length Capacity Weight Area 

in. inches OZ fluid ounces 0Z ounces in? —_ square inches 
ft feet c cups Ib pounds ft? square feet 
yd yards qt quarts yd? _—s- square yards 
mi miles gal gallons mi’ square miles 


Metric System 


Length Capacity Weight/Mass Area 

mm _ millimeter (0.001 m) ml milliliter (0.001 L) mg milligram (0.001 g) cm? square 
centimeters 

cm centimeter (0.01 m) cl centiliter (0.01 L) cg centigram (0.01 g) m? square meters 

dm decimeter (0.1 m) dl deciliter (0.1 L) dg decigram (0.1 g) 


m meter IL liter g gram 


dam  decameter (10 m) dal decaliter (10 L) dag  decagram (10 g) 
bm hectometer (100 m) hl hectoliter (100 L) hg hectogram (100 g) 
km kilometer (1000 m) kl kiloliter (1000 L) kg kilogram (1000 g) 
Time 
hours min minutes Ss seconds 
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Solutions to You Try It $1 


| Solutions to Chapter 1 “You Try It” 


SECTION 1.1 j You Try It2  (—2)3(—8)7 = —6(—8)7 
= 48(7) 
You Try It 1 A = {1, 2,3, 4,5, 6} = 336 
You Try It 2 -5<-1 You Try It 3 (135) sa (]9).=15 
| 
j= = 
You Try It 4 —-=—-—18 
The element 5 is greater than —1. a 
You Try It 3 |—5| = You Try It 5 sy ee 
piesa =e 
=3 
You Try It 4 —(-11) = 11 
—0=0 You Try It 6 
(3) =—8 Strategy 
To find the average low temperature: 
You Try It 5 |—37| = 37 e Add the seven temperatufe readings. 
|o| = 0 e Divide the sum by 7. 
|29| = 29 Solution 
—6 + (-7) + 0:+.(—5) + (8) + (=1) #1) = -28 
SECTION 1.2 OMNI TE Ola ir Ge) a eal!) rag!) 
28.2 (= 4 
You Try It 1 100 + (—43) = 57 The average daily low temperature was —4°C. 
You Try It 2 (—51) + 42 + 17 + (—102) 
= -—9 + 17 + (—102) SECTION 1.4 
= 8 + (—102) 
= —94 You Try It 1 0.444 
94.000 ==04 
You Try It 3 LO (= 82) 19 532 10 
=51 40 
=o 
You Try It 4 =9 — (—12).-—17 =A 40 
= -9 + 12 + (-17) + (-4) —36 
pea = 17 et (4) 4 
= -14+ (-4) 
= -18 


1 125) 1 
o,, = — 
You Try It 2 125% 125(55] 100 Ly 


You Try It 5 125% = 125(0.01) = 1.25 


Strategy — To find the difference between the 
two average temperatures, subtract 
the smaller number (—130) from the 
largér number (—17). 


patent ON fai Wy teh AO AE Oe 
You Try It 3 163% 162 (55) ° (4) F 


% = 56.25% 


; fe ie) aa = 9 9 900 
Solution 17 — (—130) 17 + 130 = 113 vourTEyiit4 =e = 77 (100%) = ~ 
The difference is 113°F. 
or 567% 


SECTION 1.3 
You Try It 5 0.043 = 0.043(100%) = 4.3% 


ll 
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=72( 10) 
= —720 


You Try It 1 8(—9)10 


$2 Chapter 1 


You Try It 6 The LCM of 9 and 12 is 36. 
SJ 2 dts 8 oss 
OF alee Oe PSO men 36 
LOE (55) eases lo 13 
36 36 36 
You Try It 7 The LCM of 8, 6, and 4 is 24. 
GPO aise ORS 2 ieee 0 LS 
S62 4 24 24 24 
=2\l VAN) Tiles) 
= + + 
24 24 24 
paper oly aes 
24 
=23e> 28 
24 24 
You Try It 8 1627) 67.91-= 16,127 8G 67-9) 
= —51.783 
You Try !lt9 The product is negative. 
rare ove ume 
12" 14 12-14 
i il 
in ABE 
LOI Sy POOH l 
1 1 
par: 
8 
You Try lt 10 The quotient is positive. 
3 5) 3 12 
8 12, 8 5 
1 1 
Ral? ae a 
Sess 2 10 
1 1 
You Try It11. The product is negative. 
Multiply the absolute values. 
—5.44 X 3.8 = —20.672 
You Try It 12 The quotient is negative. 


Divide the absolute values. 
Oeil 
1,7,)0,3,940 
—3 4 
54 
=51_ 
30 
eels, 
13 
—0.394 + 1.7 = —-0.23 


You Try It 13 

Strategy _ To find the percent of the population 
that is in the baby-boomer 
generation: 

e Find the total population by adding 
the numbers in all four generations. 
® Divide the number of people in the 
baby-boomer generation 
(77.6 million) by the total 
population. 

Solution 72.4 + 44.6 + 77.6 + 68.3 = 262.9 
The population of the United States 
is 262.9 million. 

18 ~ 0,295 ~ 30% 
2620 ‘ 
The baby-boomers make up about 
30% of the population of the United 
States. 
SECTION 1.5 
You Try It 1 —6? = —(6- 6- 6) = —216 
You Try It 2 (—3)* = (—3)(—3)(—3)(—3) = 81 
YouTrylt3 (3)(-2" =(3)@G)*C2-2e 2) 
= 27(-8) = —216 
You Try It 4 ( 2)' = ( 2) ( 2) = a! 
5 5 5 2S 
You Try It 5 —3(0.3)* = —3(0.3)(0.3)(0.3) 
= —0.9(0.3)(0.3) 
= —0.27(0.3) = —0.081 
You Try It 6 (6.97 — 4.72)? - 4.5 + 0.05 


= (2.25)? - 4.5 + 0.05 
09, 0020: 4 oe 005 
m2 271 S12 0. 

= 49,025 


You Try It 7 18 = 5[8 4-22 —5)j]= 10 
[SiS 8a—02(—= 3) a0 
= 18 — 5[8 + 6] = 10 


= So 51410 
= 13s Oe aL 
== ies 17 

il 
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SGieit( Sid) eae): 2 


You Try It 8 
= 36 + (3) — (-3)°-2 
=36+9-9.-2 
=4-9-2 
els 
=—-14 


Solutions to You Try It $3 


| Solutions to Chapter 2 “You Try It” 


SECTION 2.1 
You Try It 1 —4 is the constant term. 
You Trylt2 2xyt+y’ 
2(—4)(2) + (2) 
= 2(—4)(2) + 4 
= (—8)(2) + 4 
= (-16) + 4 
=—12 
a’ +b? 
You Try It 3 Aah 


52+ (-3)  25+9 
5 + (-3). 5 +(=3) 


2 34 
D; 
= 17 
You Try It 4 i —-2x+y)+2 
i) ares 2a (4) ht (=3)- 
= 8 — 2(-2) +9 
=8+449 
=12+9 
= 21 
SECTION 2.2 
You Try It 1 3a — 2b — 5a + 6b = —2a + 4b 
YouTryIt2  —3y?+7+ 8y?- 14=5y—7 
You Try It 3 —5(4y”) = —20y’ 
You Try It 4 —7(—2a) = 14a 


You Try It 5 (—5x)(—2) = 10x 

You Try It 6 5(3 7b) = 15.477350 

You Try It 7 Gal) Sei Sae= 5 

You Try It 8 —8(—2a + 7b) = 16a — 56b 

You TryIt9 3(12x? —x + 8) = 36x? — 3x + 24 


You Try It 10 3(—a? — 6a + 7) = —3a? — 18a + 21 


You Try It11 3y — 2(y — 7x) = 3y — 2y + 14x 


=yt 14x 


You Try It 12 
Syd es NN) (ee oo ehh) 


2X, Ay AX, Sy. 
88 a 


You Try It 13 

Sr 2 42 Sy lee sy — 2 Sly 
SVE ct LO 24y 

Nia oO 


SECTION 2.3 


You Try It 1 the difference between twice n and 


one-third of n 


in— sn 


You Try It 2 the quotient of 7 less than b and 15 


Ded: 


15 


S4 Chapter 3 


You Try It 3 an unknown number: n 
the cube of the number: n? 
the total of ten and the cube of the 
number: 10 + n? 


—4(10 +7) 
You Try It 4 the unknown number: x 


the difference between the number 
and sixty: x — 60 


5( — 60) = 5x — 300 


You Try It 5 


You Try It 6 


the speed of the older model: s 
the new jet operates at twice the 
speed of the older model: 2s _ 


the length of the longer piece: y 
the length of the shorter piece: 6 — y 


| Solutions to Chapter 3 “You Try It" 


SECTION 3.1 


You Try It 1 5 — 4x = 8x +2 


ih. . 
Yes, qisa solution. 


You Try It 2 10x — x? = 3x — 10 
10(5) — (5)? | 3(5) — 10 
0 = BD || IS = 10 
2545 


No, 5 is not a solution. 


5 3 
You Try It 3 a 
ae fe 8 
Sak hes 
Be ee ae 
29 
py 
The solution is = : 
2 
You Try It 4 = 
5 2 5 
( Al 5+) =(-3) 
76 = 115) 


The solution is —15. 


You Try It 5 4x — 8x = 16 


—4x = 16 
—4x 16 
-4 -4 

x=-4 


The solution is —4. 


You Try It 6 


You Try It 7 
Strategy 


Solution 


SECTION 3.2 


You Try It 1 


You Try It 2 


P-B=A 
2B=18 © 16% = — 
oe oes 
6 
B= 108 


18 is 16 =% of 108. 


To find the percent, solve the basic 
percent equation using B = 47.1 and 
A = 23.1. The percent is unknown. 


P-B=A 
P(47.1) = 23.1 
PAT 234 
APY, raga 
P = 49.0% 


The March 1997 deficit was 49.0% of 
the March 1996 deficit. 


bye ae 7/ = 10) 
5x 7 — 7 =10 17 
5x = 
Siero 
yes 
Page 
coms 


The solution is : . 


2= 11+ 3x 
2—-—11=11—-— 11+ 3x 
—9 = 3x 
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You Try It 3 


You Try It 4 
Strategy 


Solution 


You Try It 5 
Strategy 


Solution 


You Try It 6 
Strategy 


Solution 


=Q Shy 


si a2 
—3=x 


The solution is —3. 


x = | 4b Aye = DS 


Se = 5) SWS 
Se. = 5 ap ) = X56 5 

5x = 30 

peer 30 

ares 

x=6 


The solution is 6. 


Given: S = 986 
r = 45% = 0.45 
Unknown: C 
SHC a he 
986 = C + 0.45C 
986 = 1.45C 
680 =C 


The cost of the outboard motor is 
$680. 


Given: S = 159 
r = 25% = 0.25 
Unknown: R 
S=R-—rR 
159 = R-O0.25R 
159 = 0.75R 
212=R 


The regular price of the garage door 
opener is $212. 


To find the depth, replace P with the 
given value and solve for D. 


1 
= + — 
PSIG ee 

1 
=15+—D 
AS 15 ses 

1 
Aion lor ante =D 
1 
==D 
30 = 
260) = 2° =D 

2 

60 =D 


The depth is 60 ft. 


SECTION 3.3 


You Try It 1 


You Try It 2 


You Try It 3 


You Try It 4 


Solutions to You Try It 


5x + 4 = 6 + 10x 


oe 0-4 = 6 10%. — 10x 


—5x +4=6 
—§¢ +424 =654 
= 539 = 72 
SOL ee 
= 5 
any: 
yeaa 


: ; 2 
The solution is se: 


Sue = i) = she = © = Ake 
2x — 110 = 6 — 4% 
2x + 46— 10 = 6— 4% - 4 


6x — 10 =6 
6x — 10 + 10 =6 + 10 
6x = 16 
6 _ 16 
bnnes6 
7: 
us 


The solution is : ‘ 


544 (Bo 2) 2 (Gr ao. 
Bye = 12. ap the = Gye = 4! ae © 
(Sve = 2 = Ge ae 2 
ilsne = Gre = 2 = ie = Oye ae 2 


1x = 122 
Ths = 2 ap 12 = 2B ae 
7x = 14 
ix) 14 
lege 
x=2 


The solution is 2. 


213% —5(2x —"3)] = 3x — 8 
—2[3x — 10x + 15] = 3x — 8 
=x 15 | = 3x8 
14x — 30 = 3x — 8 

(Ae 3x5 0l 3 yee 6 


lix — 30=-8 
lix — 30+ 30 = —8 + 30 
11x = 22 
lix 22 
Die 204 
=2 


The solution is 2. 


S5 


S6 Chapter 3 


You Try It 5 Solve 2x = 5x + 6 for x. 
Dye a 548 AP (9) 
—3x =6 
x=-2 
Evaluate —2x + 7 for x = —2. 
=e sp 7 
=P(=2)) ae 7 Sa! ar 7 
= 11 
You Try It 6 
Strategy _ To find the location of the fulcrum 
when the system balances, replace 
the variables Fi, F2, and d in the lever 
system equation by the given values 
and solve for x. 
Solution | I ele eh (/ Mel 9) 
45x = 80(25 — x) 
45x = 2000 — 80x 
45x + 80x = 2000 — 80x + 80x 
125x = 2000 
125x _ 2000 
25 125 
x= 16 
The fulcrum is 16 ft from the 
45-pound force. 
SECTION 3.4 
You Try It 1 


The smaller number: 1 
The larger number: 12 — n 


seven less than 
the product of 


The total of 
three times the 


amounts 
smaller number | to 
and six 


four and the 
larger number 


3n + 6 = 412 —n) -—7 

3n + 6=48 —4n -—7 

3n+6=41 —4n 
3n+ 4n+6=41—-—4n+ 4n 


7n+6= 4i 
7n+6-6=41—-6 

Tn = 35 

(ko 

ns, 

n=5 


12-112 = 7 


The smaller number is 5. 
The larger number is 7. 


| 

| 

| 

| 

| 

ame | 

© First consecutive integer: n | 
| 

| 


You Try It 2 
Strategy 
Second consecutive integer: n + 1 
Third consecutive integer: n + 2 
¢ The sum of the three integers is —6. 
Solution n+(n+1)+(n+2)=-6 
3Hrr 3-=—6 
she= —9 
n=-—3 
noe Wie See eZ 
HA 2 aed, eel 
The three consecutive integers are 
=3,, — 2, anole 
You Try It 3 
Strategy 


To find the number of tickets that you are 
purchasing, write and solve an equation using x to 
represent the number of tickets purchased. 


Solution 


$3.50 plus $17.50 


for each ticket equals | $161 


3.50 + 17.50x = 161 
3.50 — 3.50 + 17.50x = 161 — 3.50 
17.50x = 157.50 
17.508) F570 
17.50 17.50 
x=9 


You purchased 9 tickets. 


You Try It 4 


Strategy 
To find the length, write and solve an equation using 
x to represent the length of the shorter piece and 
22 — x to represent the length of the longer piece. 


Solution 


4 in. more than twice 


The longer 


i is 
piece 


the shorter piece 


22-x=2x+4 
22 


22 — 3x =4 
DY) = I — See = A. => YY) 
= ie = S118 
Sr eels | 
= 5 3 | 
= 6 


22 = 4 = 22-6 =10 
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The shorter piece is 6 in. 
The longer piece is 16 in. 


SECTION 3.5 


You Try It 1 
Strategy 


Solution 


You Try It 2 
Strategy 


Solution 


- Nou Try It 3 
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Strategy 


Solution 


You Try It 4 
Strategy 


Solution 


You Try It 5 
Strategy 


To find the length of each side, use 
the formula for the perimeter of a 
square. Substitute 52 for P and solve 


for s. 
Paw. Solution 
52 = 4s 
13 =s 
The length of each side of the patio is 
VCPIn Es 
To find the supplement, let x 
represent the supplement of a 107° 
angle. Use the fact that supple- You Try It 6 
mentary angles are two angles whose Strategy 
sum is 180° to write an equation. 
Solve for x. 
x + 107° = 180° 
x = 73° 
The supplement of a 107° angle is a 
_73° angle. d 
Solution 
The angles labeled are adjacent 
angles of intersecting lines and are, 
therefore, supplementary angles. To 
find x, write an equation and solve 
for x. SECTION 3.6 
Kee (Gxt 7207) =180° 
4x + 20° = 180° You Try It 1 
ane | Ie Strategy 
x = 40° 
$.80 
2x = y because alternate exterior fertilizer 
angles have the same measure. $.55 ri 
(x + 15°) + y = 180° because adjacent fertilizer 
angles of intersecting lines are re i 
supplementary angles. Substitute 2x Gite 
for y and solve for x. 
(x + 15°) + 2x = 180° 
Seat 15> — 1802 
3x = 165° Solution 
x = 55° 


e To find the measure of angle a, use 
the fact that Za and Zy are vertical 
angles. 


Solutions to You Try It S7 


e To find the measure of angle b, use 
the fact that the sum of the 
measures of the interior angles of a 
triangle is 180°. 

e To find the measure of angle d, use 
the fact that the sum of an interior 
and an exterior angle is 180°. 


Za=Zy=55° 
Za + Lb + 90° = 180° 


55° + 2b + 90° = 180° 
2b + 145° = 180° 
tly = BS 


Zd + Zb = 180° 
Zd + 35° = 180° 
Zd = 145° 


To find the measure of the third 
angle, use the fact that the sum of 
the measures of the interior angles of 
a triangle is 180°. Write an equation 
using x to represent the measure of 
the third angle. Solve the equation 
ton, 


x + 90° + 27° = 180° 
gear (LIZ = iexor 
x = CBP 


The measure of the third angle is 63°. 


e Pounds of $.55 fertilizer: x 


Amount Cost Value 
20 $.80 0.80(20) 
x $.55 0.55x 
WO) ae 38 $.75 OS SVAW a ee) 


e The sum of the values before mixing 
equals the value after mixing. 


0.80(20) + 0.55x = 0.75(20 + x) 
iS te OS au8 == 1S) ae O.7/sys 
16 — 0.20x = 15 
—0.20x = -1 
x=5 


5 lb of the $.55 fertilizer must be 
added. 


S8 Chapter 4 


You Try It 2 e The sum of the distances traveled 
Strategy  ® Liters of 6% solution: x by each train equals 288 mi. 
Solution 3r + 3(2r) = 288 
— wee 3r + 6r = 288 
un He OTe ‘Percent ny Or = 288 
Re ees ee ope) eo OG hy et ULES eh r = 32 
‘solution’ C7ealeke tal een a Le || Ui) 
1296: Palesoot it HOM Qiilis dsl. 12) ie) Di N52) Os 
a omen + " 5 A die Ht 0.08(¢ + 5) The first train is traveling at 32 mph. 
Coldticn FC CRAITS TTS eM Tse aR The second train is traveling at 
— 64 mph. 
° The sum of the quantities before 
mixing equals the quantity after MELEE 
mixing. Strategy * Time spent flying out: ¢ 
Solution  0.06x + 5(0.12) = 0.08(x + 5) Time spent flying back: 5 — 7 
0.06x + 0.60 = 0.08x + 0.40 
Sica <a Sate la cae ae 
ce ie ’ 80 aS Geena 
OS eh ee Os 
The pharmacist adds 10 L of the 6% —, —— pears: 
solution to the 12% solution to get an 
8% solution. ° The distance out equals the 
distance back. 
You Try It 3 


Solution 150¢ = 100(5 — f) 
Strategy ° Rate of the first train: r 150t = 500 — 1001 


Rate of the second train: 2r 250t = 500 


=2 (The time out was 2 h.) 


Wisi Rat 
: SEL The discmcoe Is Oeaso 
1st train © PigieRe = : 
st train | Si 
iaraliincenew 4) ee 


The parcel of land was 300 mi away. 


| Solutions to Chapter 4 “You Try It” 


(—4w? + 8w — 8) — (3w® — 4? — 2w — 1) 
= (—4w? + 8w — 8) 

+ (—3w? + 4w? + 2w + 1) You Try It3) (—3a*bc?)> = (—3)! 3@4-3p! 3¢2'3 

= —7w? + 4w? + 10w — 7 


= 36p"q° 


Il 


SECTION 4.1 You Try It 4 13y? — 6y — 7 
— 4y? + by +9 ; 
You Try It 1 3 2 8 
1Sy" 4 ai a fe 
(—4x? + 2x? — 8) + (4x? + 6x? — 7x + 5) ? ‘ 5 
= (—4x3 + 4x°) + (2x? + 6x?) + (—7x) + (-8 + 5) z 
ee eG SECTION 4.2 3 
You Try It 2 re art oem ns) You Try It 1 = (877°n)(—3n°) = [8(—3)](m3)(n - n5) | 
—9x? + 2x? — 12x — 8 = —24min® g 
—3x3 + 2x? — 10x a 
You Try It 2 = 
g 
You Try It 3 (12p%q°)(—3p°q’) = [12(—3)|(p* - p)(q? - q?) Z 
= 
= 
© | 
= 
2 
8 


(—3)3a'*bc° 
—27a"*bic® 


I 


Copyright © Houghton Mifflin Company. All rights reserved. 


You Try It 4 

(GayiG2xy-) = (—xy")| (2) 20° 2y?7) 
(ry >) ey") 
= (—xy*)(4x°y’) 


= —4x’y8 
SECTION 4.3 
You Try It 1 (—2y + 3)(—4y) = 8y* — 12y 
You Try It 2 
—a?(3a? + 2a — 7) = —3a* — 2a? + 7a? 
You Try It 3 Dy + 2y? —3 
Sy = il 
yy + 3 
6y* + by? — Yy 
6y* + 4y> — 2y? — 9y + 3 
You Try It 4 
(4y — 5)(2y — 3) = 8y? — 12y — 10y + 15 
= 8y? — 22y + 15 
You Try it 5 
(3b + 2)(3b — 5) = 9b? — 15b + 6b — 10 
= 9b* — 9b — 10 
You TryIt6 (2a + 5c)(2a — 5c) = 4a” — 25c? 
You Try It7 (3x + 2y)? = 9x? + 12xy + 4y? 
You Try it 8 
Strategy _ To find the area, replace the variable 
r in the equation A = mr by (x — 4) 
and solve for A. 
Solution A=ar 
A = a(x — 4) 
A = a(x? — 8x + 16) 
A = wx? — 8nx + 167 
The area of the circle is 
(ax? — 8arx + 1677) ft’. 
SECTION 4.4 
You Try It 1 (=27)@ *y~*) 7 = (— 2x?) (x®y?) 


= —2x°y* 


Solutions to You Try It $9 


(6a ~*b?)"! _ 6 'a2b-3 


You Try It 2 


(4a°b~?)? be 4-2q-*p4 
= 4°(6-'g8p-?) 
mlCd gee oa 
6b’ = 3b” 
6rs |= 2S eae 
You Try It 3 Ea -| 3 
_ 251 _ 9st 
Shee 4 
You Try It 4 0.000000961 = 9.61 x 10°77 
You Try It 5 123294 10° —=97-3829,000 
SECTION 4.5 
You Try It 1 
24x?y*? — 18xy + by _ 24x’y* _ 18xy fu by 
6xy 6xy, 6xy 6xy 
1 
= Any —3 += 
xy 5 
You Try It 2 x°+2x-1 
2x — 3)2x3 + x? — 8x —3 
2x? — 3x? 
4x? — 8x 
4x? — 6x 
=e = 3 
= 256 ar B 
= 
(2x? + x? — 8x — 3) + (2x — 3) 
6 
bie a8 fe il = 
- 2x — 3 
You Try It 3 w+ x-1 
x —1)x? + Ox? — 2x +1 
c= x? 
x? — 2x 
IX 
=e sp I 
=e se I 
0 


x? —2x+1)+@-1)=x*+x-1 


S10 Chapter 5 


| Solutions to Chapter 5 “You Try It” 


SECTION 5.1 


You Try It1 The GCF is 7a’. 


14a? — 21a*b = 7a?(2) + 7a*(—3a’b) 
= 7a*(2 — 3a’b) 


You Try It 2 The GCF is 9. 


Ziba + ASbis 9 
= 9(3b’) + 9(2b) + 9(1) 
= 9(3b? + 2b + 1) 


You Try It 3 
The GCF is 3x’y’. 


6x*y? — Oxy? + 12x54 
= 3x7y?(2x7) + 3x?y?(—3x) + 3x?y7(4y?) 
= 3x*y?(2x? — 3x + 4y’) 


You Try It 4 DAY (Si PAP S102 = Es) 
Zyl On 2 rt (Ox 92) 
= (5x — 2)(2y + 3) 


You Try!It5 a’ — 3a + 2ab — 6b 
= (a? — 3a) + (2ab — 6b) 
=a(a — 3) + 2b@ — 3) 
= (a — 3)a + 2b) 


You Trylt6 2mn?—n-+ 8mn -4 
= (2mn’ — n) + (8mn — 4) 


= n(2mn — 1) + 4(2mn — 1) 


= (2mn — 1)(n + 4) 


You Try It 7 DLV OV lara Data 
= (2xy — 6y) — (12 — 4x) 
=2y(% = 3) = 4(3 — x) 
= 2y(« — 3) + 4@ — 3) 
= (x — 3)(2y + 4) 


SECTION 5.2 

You Try It 1 

Find the positive Factors Sum 
factors of 20 1, 20 21 
whose sum is 9. Dae 12 


4,5 9 


x? + 9x + 20 = (x + 4) + 5) 


You Try It 2 

Find the factors Factors — Sum 

of —18 whose PpR13 7 

sum is 7. =1, +18 17. 
+-2,.—9 sil 
phe a9) il 
ao HO =) 
= 8) ale) +3 


x? + Tx — 18 = (« + 9) — 2) 


You Try It 3 
The GCE ts. 


—2x3 + 14x? — 12x = —2x(x? — 7x + 6) 


Factor the trinomial x? — 7x + 6. Find two negative 


factors of 6 whose sum is —7. 


Factors Sum 
8), = =5) 
(9, ==) 7 


—2x3 + 14x? — 12x = —2x(x — 6)(x — 1) 
You Try It 4 

The GCF is 3. 

3x? — Oxy — 12y? = 3(x? — 3xy — 4y’) 


Factor the trinomial. 


Find the factors Factors Sum 

of —4 whose sw bgey ae 

sunLis —3; —1, +4 3 
4E75 2 0 


3x? — Oxy — 12y? = 3(x + y)(x — 4y) 


SECTION 5.3 
You Try It 1 
Factor the trinomial 2x? — x — 3. 
Positive Factors of —3: +1, —3 
factors of 27 1) 2 —1, +3 
Trial Factors Middle Term 
(x + 1)(2x — 3) —3x + 2x = -—x 
G20 Fe) x — 6x = —5x 
( — 1x + 3) Sk = 2k =X 
4 3)( 201) =x + 6x = 5x 


2x? —x —3 =(x + 1)(2x — 3) 
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You Try It 2 
The GCF is —3y. 


—45y? + 12y? + 12y = —3y(15y? — 4y — 4) 


Factor the trinomial 15y* — 4y — 4. 


Positive 


factors of 15:1, 15 
355) 


Trial Factors 


(y — 1)(15y + 4) 
(y + 4)(15y — 1) 
(y + 1)(15y — 4) 
(&y — 4)(15y + 1) 
(y — 2)(15y + 2) 
(y + 2)(15y — 2) 
(3y — 1)(5y + 4) 
(3y + 4)(5y — 1) 
(3y + 1)(5y — 4) 
(3y — 4)(Sy + 1) 
Gy =2)(5y + 2) 
(3y + 2)(5y — 2) 


—45y> + 12y* + 12y = —3y(By — 2)(5y + 2) 


You Try it 3 


Factors of —4: —1, 


=), 


Middle Term 
4y — 15y = -lly 
—y + 60y = 59y 

—4y + 15y = lly 
Vise COVE Soy. 
2y — 30y = —28y 
—2y + 30y = 28y 
12y — 5y = Ty 
—3y + 20y = 17y 
—12y + 5y = -7Ty 
3y — 20y = —-17y 
6y — 10y = —4y 
Oy re LOynas Ay 


Factors of —14 [2(—7)] Sum 


Selec 4 
bel 4 
oh ah 

Say nt 


2a* + 13a — 7 =2a* -a+14a-—7 
= (2a — a) + (14a — 7) 
=a(2a —1)=- /(2a. — 1) 
=a) a7) 


2a? + 13a — 7 = (2a — 1)(a.+ 7) 


You Try It 4 
The GCF is 5x. 


15x? + 40x? — 80x = 5x(3x? + 8x — 16) 


Factors of —48 [3(—16)] Sum 


=1, +48 
+1, —48 
2, +24 
+2, —24 
—3, +16 
+3, —16 
—4, +12 


3x? + 8x — 16 = 3x7 — 4x + 12x — 16 


= (3x? — 4x) + (12x — 16) 


= x(3x — 4) + 4(3x — 4) 
= (3x — 4)(x + 4) 


Solutions to You Try It 


15x? + 40x? — 80x = 5x(3x? + 8x — 16) 
= 5x(3x — 4)(x + 4) 


SECTION 5.4 


You Try It 1 
25a? — b* = (5a)* — b? = (5a + b)(5a — b) 


You Try It 2 
n* — 81 = (n’)? — 9? = (n? + 9)(n? — 9) 
= (n? + 9)(n + 3)(n — 3) 


$11 


You Try It3. + Because 16y” = (4y)’, 1 = 17, and 
8y = 2(4y)(1), the trinomial is a 
perfect-square trinomial. 
l6y? + 8y + 1 = (4y + 1) 

You Try It4 Because x? = (x)’, 36 = 6”, and 
15x ¥ 2(x)(6), the trinomial is not a 
perfect-square trinomial. Try to fac- 
tor the trinomial by another method. 
x? + 15x + 36 = (x + 3) + 12) 

You Try It 5 (Sale Oe ho) ata 

=o oe ae 
Tis Sie) CA 3 rey) 
You Try It6 The GCF is 3x. 
12x? — 75x = 3x(4x? — 25) 
= Shise += Sy\~e — 5) 
You Try It 7 
Factor by grouping. 


a’b — Ta* —b + 7 = (@’b — Ta’) — (6 — 7) 
Se = Oe) 
= (b — 7)\@ — 1) 
= (b — 7)(a + 1)@ — 1) 


You Try It 8 
The GCF is 4x. 


4x? + 28x? — 120x = 4x(x* + 7x — 30) 
= Arie + 10)(4— 3) 


SECTION 5.5 
You Try It 1 2x(x + 7) =0 
2x = 0 x+7=0 
x=0 Ge —/ 


The solutions are 0 and —7. 


$12 Chapter 6 


You Try It 2 4x7 -9=0 n-5=0 n+6=0 
(2x — 3)(2x + 3) =0 n=5 n=-6 | 
2x —-3=0 2x +3=0 Since —6 is not a positive integer, it 
2x =3 2x = —3 is not a solution. 
ae eee n=5 
2 ¢ nt+1=5+1=6 
The solutions are : and = The two integers are 5 and 6. 
You Try It 3 G2)" 7) = 52 
x =o 14 — 52 You Try It 5 
x? — 5x — 66 =0 Strategy Width=x 
(x + 6)(x — 11) =0 Length = 2x + 4 
x+6=0 x-—11=0 The area of a rectangle is 96 in’. 
x=-6 x=11 Use the equation A = L- W. 
The solutions are —6 and 11. Solution A=L-W 
96 = (2x + 4)x 
You Try It 4 96 = 2x7 + 4x 
Strategy First positive consecutive integer: 1 LS 2x a 36 
Second positive consecutive integer: 0 = 2(x° + 2x — 48) 
Rte a 0 = 2(« + 8)@ — 6) 
The sum of the squares of two x+8=0 x—6=0 
positive consecutive integers is 61. x==8 x=6 
Solution wt+i(n+1P=6l Since the width cannot be a negative 
n?>+n?+2n+1=61 number, —8 is not a solution. 
2n?+2n+1=61 ore 
2n? + 2n — 60 =0 a 
jG) ae = 3006 2x +4=2(6)+ 4=12+4= 16 
2(n — 5)\(n + 6) = 0 The length is 16 in. The width is 6 in. 
| Solutions to Chapter 6 “You Try It” 
SECTION 6.1 You Try It 4 
12x? + 3x 8e- 12 3x(4e+1) 4(2x —3) 
You Try It 1 10x 157 Sx aS S(2x%—=\3)> Sta) 
5 ee 3 : I 
EOE EEE _ Bx(4x + 1) + 2+ 2Qx—3} z 
12xy3 -2-2-3-x4y? 2? -_ 5Qx-—3) 2 eG sn 5 
1 1 1 1 g 
g 
_ 4x(4x + 1) 3 
You Try It 2 . 15(x + 2) = 
> 
= E 
Meee ee eee 16)" eG You Try It 5 e 
mie a) x +2x-15 x?-3x-18 . 
1 9 x x? —Tx +6 g 
= 
2 a See) 3 
You Try It 3 (3-—x)3+x) (x —- 1x -—6) 3 
1 -1 1 1 : 
+ 4x—-12_ @ e+ 6) _ x +6 — 3) +5) G43 8) ax $5 = 
x 3x+2  (*—UG—2) x— B—-xJG+x)-(k-Da@—e} x - 1 B 
1 1 1 
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Abc? — 2b?c * 


You Try It 6 


a : a a’ 


6bc — 3b? 4bc? — 2bc a 


a: 36Qe—By _ 3a 


~ Weae—B-a a 2c 


You Try It 7 

Bx 26x t216e8 2x2 9x = 5 

3x7 -7x-6 x? +2x—15 
a ES no OxA lO ca ap Ae = IS 
3? 7x — 62 De 49x —5 


eee is)” (e+ 5)(x—3) x+8 
| OFTHE 2x — a+S) x i? 


SECTION 6.2 


You Try It 1 
Suv? =2-2-2-u-v-v 
12uw =2-:2-3-u- 


NGM ="2-") >) > 3% ie vey 


You Try It 2 m? — 6m + 9 = (m — 3)(m — 3) 
m? — 2m —3 =(m + 1)(m — 3) 
LCM = (m — 3)(m — 3)(m + 1) 
You Try It3 The LCM is 36xy’z. 
Mem on 92 KE ZZ 
Axy? Axy? 9z 36xy"z 
Die eet ii gl pA Oat 4y 
Oyz —s-Oy’z_ ss: xyz 
You Try It 4 
The LCM is (x + 2)(x — 5)(« + 5). 
x+4 . x+4 £2 
x?-—3x-10 («+2)e%—-—5) x+5 
x? +°9x + 20 
(x + 2) — 5)(x + 5) 
2x 2x 2x x +2 
25—-x? —(x Bron (x —5)\(x +5) x+2 
2h Ag 


(x + 2)(x — 5)(x + 5) 


6bc — 3b? 


Solutions to You Try It $13 


SECTION 6.3 


You Try It 1 
Dx 7x +4 
x*?—-x-12 x*-x-12 
2 ee) OR he | 


KD = 42 = 5 0 


_ xt (x + Day _ 
(+ 3)@—4y Meee) 


2x +4 
x 3 


You Try It 2 
x-1 2x +1 iG 
CO BD mar er a1 ete 
Gi Oi ea ee le 
- x? — 8x + 12 eS 


_@4+1e—- 241 
he Gee 6) nO 


“ 


Je eg 2 


~ x2 — 8x +12 


You Try It 3 
The LCM of the denominators is 24y. 


Ke AZ) eng oS, 
8y 3 
3¢__ 322 | 302 
24y 24y— 24y 
oe ele 
| aE 545 


By By Ay 


You Try It 4 2k =k —2) 
3 = =2) 
2-x x«x-2° 


Therefore, 


The LCM is x — 2. 
Bye B= ek + —3 
ie = 2 So 9 BS 
es a a) ey ars) 
So Bh 


= 2B 
You Try It 5 
The LCM is (3x — 1)(x + 4). 


4x bb 9 4x Leia a team 9 sx = 1 
sye = Il fa 


swe = il oe ap A! youn eke = Il 
4x? + 16x Pi bee = 1 

~— Bx—Dixe+4) (Bx —-—1)x + 4) 

 4xteloni re 9) 

- (3x — 1)(x + 4) 

4x? + 16x — 27x +9 


(3x — 1)@ + 4) 
1 oe Lie? 
S (3x — 1) + 4) 


S14 Chapter 6 


You Try It 6 The LCMisx — 3: 


1 oe oo 1 
‘ =n = & 
PS ee 
4-3 x-3 
_2x-6-1 
3 
ee weed, 
x —3 
You Try It 7 
21 4 ued 
5—-x x-5 
The GMs Ge 5)(%—=5): 
ee = || 2 Be = || =2 
. - = a + 
Ke 2 eee) A s(x) 
Dig == || =2 gar 5 
et ee . 
(Ge se Syibe = Sy) 38 Ss gy Ss) 
- je = || 2 (cate) 
~ (x +5)(x-—5) (+5) -5) 
= eee (Ale ae 
— @+5)e%—5) 
_ 2x -1-2x-10 
(Ce sp SN 6e—— 
ll 
~ (x + 5)(x — 5) 
ca 11 
(x + 5)(x — 5) 
You Try It 8 ? 
The LeMis(Gc22)(x.-1). 
fey = 8) 5 1 
3x2-x-2 3xt+2 x-1 
Ue = 8) 5 ee aul 
(2061) 2D 227 
1 aye ap 2 
Sy Bro 
Ne —= 8} 348 = 5 
= 
(Gyece2) oe |) en eet 2) (Xa) 
sie ap 


~ (3x + 2)(x — 1) 
_ (2x — 3) + (5x — 5) — Gx + 2) 
iz (3x + 2)(x — 1) 
Wee ey, = EYES 9) 
(Bhs ae ice =D) 
4x — 10 22x 5) 


— Bx +2\x—1) (x + 2x — 1) 


SECTION 6.4 
You Try It 1 
The LCM of 3, x, 9, and x’ is 9x’. 
il 1 1 1 J 1 
oa ee Zahte feel = Ox? — — - 9x? 
wee Oe 
1) i 1 
a eee Sa Sic OS — 5 Oe 
9 2 9 x iia ee 
1 
Se BX) ee 
x -9 (x—3)(x +3) x4+3 
1 
You Try It 2 
The LCM of x and x? is x’. 
4 3 4 3 
1+=4+5 14+=+5 
eS Ae PO 
IQ Ail 10.2 tae 
Visiiseashe ass: | ema cer 
a x x 
1-x7 + Cpe hee 


10 21 


fx? Pes 
x x 


1 
Ro Ag 3 ea) es) 
x NOG FDI (es) Gata) 
1 


cay 
sie 
~] 


You Try It 3 
The LCM is x — 5. 


Ze 5p B= 


= a 


Fear bo) Ae 


30 
t+ 8 
so = io =D 


& + 3x - 5) -—P_- &@ ~5) 


(& + 8)@ —5)+ 


0 

ears Cae) 

X? 2 15 20 2 85 
x? + 3x — 404 30 x2 + 3x — 10 


_ GS-2) 7 
= 2)G@4=5). “ix —2 
1 
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SECTION 6.5 You Try It 2 


Strategy 
You Try It 1 


5 
== + 6). 
5 ap aeue The LCM is x(x + 6) 


X46) © x _ x(x + 6) 3 
1 x+6 1 xX 
1 


Solution 
x? = (x + 6)3 
x? =3x+18 

x? — 3x -18=0 

(x + 3)(« — 6) =0 


x-—-6=0 
x=6 


Both —3 and 6 check as solutions. 


The solutions are —3 and 6. Vou Invite 


You Try It 2 Strategy 


ei PO TICM ice. 
x+2 


Gt 2). 5x ~E42)(3- 5) 


1 2 1 eee 


= x42 10 
cea 1 1 eae) 

1 1 
5x = (+ 2)3 — 10 
See she ae] = 1) 
5x = 3x -4 
2x = —4 
x=-2 


Solution 


—2 does not check as a solution. 
The equation has no solution. 


SECTION 6.6 


You Try It 1 
2 6 


ae) ee 
Cit SOx +5) 2 _ & + 3)Gx + 5). 6 
1 x+3 1 


G+3y5x+5) 2 _@+3)Gets) 6 


1 x43 1 
1 1 
(5x + 5)2 = (x + 3)6 
10x + 10 = 6x + 18 


You Try It 1 


4x + 10 = 18 
4x = 8 
x=2 


The solution is 2. 


SECTION 6.7 


Solutions to You Try It $15 


To find the total area that 256 
ceramic tiles will cover, write and 
solve a proportion using x to 
represent the number of square feet 
that 256 tiles will cover. 


die ees 
1609 256 
9 56 
—— — W — 
236(2) s6(355] 
144 =x 


A 144-square-foot area can be tiled 
using 256 ceramic tiles. 


To find the area of triangle AOB: 

e Solve a proportion to find the 
length of AO (the height of triangle 
AOB). 

¢ Use the formula for the area of a 
triangle. AB is the base and AO is 
the height. 


CD DO 
AB AO 
4 3 
10 AO 
4 3 
WU NOt re 10“AO = 75 
4(AO) = 30 
AOE 
1 
A= 5 bh 
= + (10)(7.5) 
2 
== 51/5 


The area of triangle AOB is 37.5 cm’. 


5x — 2y = 10 
Dk ot ee et LO 
=2y =)—5i-F 10 
PGE Te sveat MKl 
2 =p 
a 
a 


S16 Chapter 7 


You Try It 2 


You Try It 3 


You Try It 4 


SECTION 6.8 


You Try It 1 
Strategy 


A\ ae Ib 
a) 
AL ar IL 
2 = 2 5 
2s=A+L 
25 AANA Ie 
2s —~A=E 
S=at+(n-—I)d 
S=at+nd-d 
S-—-a=a-atnd-d 
S-a=nd-d 
S-at+d=nd-d+d 
S-at+d=nd 
Sie Ged a nd 
id 
Sa Gnd) 
pe eo 
S=C+trc 
S=(14+7C 
S (tne 
pee ae 
S 
ees 


e Time for one printer to complete 
the job: ¢ 


| Solutions to Chapter 7 “You Try It” 


SECTION 7.1 


You Try It 1 


3 
5 

8 

2 

You Try It2  A(4, —2), B(—2, 4). e) 
The abscissa of D is 0. a 

The ordinate of C is 0. 4 

. 

You Try It 3 x—-3y=-14 : 
=) = 3(4)el-14 5 

=2—12 | =14 3 

-14=-14 | 

Yes, (—2, 4) is a solution of 2 
x—-3y=—-14. 8 


e The sum of the parts of the task 
completed must equal 1. 


’ 2S 
Solution —+-—=1 
ii t 
(2 3) a; ! 
ji t 
tah 
L— 


Working alone, one printer takes 7 h 
to print the payroll. 


You Try It 2 


e Rate sailing across the lake: r | 
Rate sailing back: 3r : 


Strategy 


© The total time for the trip was 2 h. 


Solution =p a0 = 2) 
iF 3r 
6 6 
s/(8 + $) = 3r(2) 
if 3r 
ore re oe 6r 
3r 
18 + 6 = 6r 
24 = 6r 
4=r 


The rate across the lake was 4 km/h. 


Solutions to You Try It $17 


You Try It 4 You Try It 4 5x — 2y = 10 
=2y = —5x% + 10 
5 
y= 5% a5) 
You Try It 5 


{(145, 140), (140, 125), (150, 130), (165, 150), (140, 130), (165, 160)} 


No, the relation is not a function. The two ordered 
pairs (140, 125) and (140, 130) have the same first 
coordinate but different second coordinates. 


You Try It 5 xiasy = 9 


You Try It 6 Determine the ordered pairs defined Eis 
; a: Slee ahah) 
by the equation. Replace x in 1 
ya5xt 1 by the given values and ee ee 


solve for y. {(—4, —1), (0, 1), (2, 2)} 
Yes, y is a function of x. 


You Try It 7 H(x) = ioe 


x—-4 
A(8) = =—— 
(8) Se 
8 
H(8) =—=2 
(8) =5 
You Try It 6 
SECTION 7.2 
You Try It 1 
You Try It 7 
~ You Try It2 
E 
2 
Re 
ie 
z 
e 
Q, 
E 
oO 
Fs You Try It 8 
S You Try It3 The ordered pair 
g ZB (3, 120) means that 
2 FE: in 3 h the car will 
A 4 travel 120 mi. 
Z : 
8 


Time (in hours) 
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Chapter 7 


SECTION 7.3 


You Try It 1 


You Try It 2 


You Try It 3 


You Try It 4 


You Try It 5 


You Try It 6 


x-intercept: 


y-intercept: 
(0, b) 
b=-4 

(0, —4) 


You Try It 1 


Let P; = (1, 4) and P2 = (—3, 8). 


SECTION 7.4 


y-intercept = (0, b) = (0, —2) 


eas 


Because the slope and y-intercept 
are known, use the slope-intercept 
formula, y = mx + b. 


y=mxt+b 
kPa 
iad 
3 
m ay (x1, 1) sa (4, =2) 


y— yi =m(x — x1) 


3 
y~(-2)=F@-4) 


3 
cee eee 

3 
eae 


The equation of the line is y = =x =: 


Find the slope of the line between the 
two points. 


_ yey lea) ee 


tp — 56) 919) 
Use the point-slope formula. 
y yi = me = mA) 
y~ (“I= Sie - (6) 


gen grt he 


The slope of the line 
means that the grade 
on the history test in- 
creases 8.3 points for 
each 1-point increase 
in the grade on the 


ep ave iy een a at 
ka Xie = 4 
Try It 2 
The slope is —1. Ce 
Let P; = (—1, 2) and P2 = (4, 2). 
2m =? 0 
= SS oe el) 
— op aan | i baie 
The slope is 0. 
_ 8650 — 6100 _ 2550 
1-4 =8 
ee NY You Try It 3 
A slope of —850 means that the value 
of the car is decreasing at a rate of 
$850 per year. 
y-intercept = (0, b) = (0, —1) 
1 
ea 
You Try It 4 
a 
~ 
Solve the equation for y. » 80} 
x-’=4 > 
me 2 40 
—2y = i + 4 2 
ae 


Reading score 


12 reading test. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Solutions to You Try It $19 


| Solutions to Chapter 8 “You Try It” 


SECTION 8.1 , Substitute in Equation (1). 
You Try It 1 a aig 
2x —- 5y=8 mio) — 7) ees 
~y= 
2(-1) — 5(-2) | 8 * -(-1) + 3(=2) | -5 -~y=-3 
-2+10 18 1+(-6) | -5 y=3 
8=8 —5=- 
° : The solution is (1, 3). 
Yes. (—1, —2) is a solution of the system of 
equations. You Try It 2 (GU reetkm gr 
(2) Ve Ae 
You Try It 2 3x —-y=4 


3x — 3x +2) =4 
3x — 3x —-2=4 
-2=4 

This is not a true equation. The 


system of equations is inconsistent 
and therefore does not have a 


solution. 
You Try It 3 
You Try It 3 (1) (pS 53 | 
(2) 6x + 3y=3 
6x + 3y = 3 
6x + 3(—2x + 1) =3 
6x = 6% +35—= 3 
3=3 
The lines are parallel. The system The-svsteuhor ediationsis 
of equations is inconsistent and dependent. The solutions are the 
therefore does not have a solution. Prdered pate iene nner 
equation y = —2x + 1. 
You Try It 4 
SECTION 8.2 
Strategy e Amount invested at 6.5%: x 
You Try It 1 (1) i—-y=4 Amount invested at 4.5%: y 
(2) 3x ey — 0 
Principal Rate Interest 
Sree Ee esate Gy MO Amount at 6.5% x 0.065  —0.065x 
7x —-y=4 Amount at 4.5% y 0.045 0.045y 
—-y=-7x+4 
y=7T%x-4 


. ° The sum of the two investments is 
Substitute in Equation (2). $330,000: x + y = 330,000. 
The interest earned at 6.5% equals 


3x +2y=9 : 

| 2 4) = 9 the interest earned at 4.5%: 
| Bess <0 0.065x = 0.045y 

| 17x.—.8 = 9 Solution 

17x = 17 (1) x+y = 330,000 

x=1 (2) 0.065x = 0.045y 
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Solve Equation (2) for y. 


(3) ae 


Replace y by ne in Equation (1) and solve for x. 


x + y = 330,000 


BG + Sx = 330,000 


= 330,000 
x= 135,000 


Replace x by 135,000 in Equation (3) and solve 
for y. 

215, 

ean 


13 
= => (135,000) = 195,000 


$135,000 should be invested at 6.5% and $195,000 


should be invested at 4.5%. 


SECTION 8.3 

You Try It 1 (eee ay — 
(2) 2x+4y=0 
Eliminate y. 


2(x — 2y)=2-1 


2x + 4y =0 
2x — dy =2 
2x + 4y =0 
Add the equations. 
4x =2 
sear Sl 
452 


1+ 4y=0 
Oia =I 
aay ee 

2 A 


1 1 
The solution is (5. 7) 


You Try It 2 (1) 2x —- 3y=4 
(2) S44 6y = 58 
Eliminate y. 
2(2x — 3y)=2-4 
tat Oy == 8 


You Try It 3 


SECTION 8.4 


You Try It 1 


Strategy 


theorent 


See = urre 


Axe—.0yi=.5 
—4x + 6y = =8 
Add the equations. 
Ox + Oy =0 
0=0 


The system of equations is 


dependent. The solutions are the 
ordered pairs that satisfy the 


equation 2x — 3y = 4. 


(1) 4x+5y=11 


(2) 3y =x + 10 
Write equation (2) in the form 
Ax + By =C. 
3y =x +10 
=< oy =r 
Eliminate x. 
4x + 5y = 11 
4(-x + 3y)=4-10 
4x + 5y = 11 
—4x + 12y = 40 


Add the equations. 


17y = 51 
y=3 
Replace y in Equation (1). 

4x + 5y = 11 
4x+5-3=11 
4x+15=11 
4x = —4 
x=-1 


The solution is (—1, 3). 


© Rate of the current: c 


Rate of the canoeist in calm 


water: r 


apes 


ie 
“zit a ar | 


¢ The distance traveled with the 


current is 15 mi. 


The distance traveled against the 


current is 15 mi. 
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Solution 


3(r+c)= 


Se 6) bel 


r+e=5 
me ea) 
c= 1 


1 ‘ 1 
ASS. 5 + 222 44 
3 Bee Cc) 3 15 
1 1 
BE 5 == sy 
5 (aC) 5 il) 
meligeic= 
cr - C= 
2r= 
r=4 


The rate of the current is 1 mph. 
The rate of the canoeist in calm water is 4 mph. 


You Try It 2 
Strategy 


| Solutions to Chapter 9 “You Try It” 


SECTION 9.1 


You Try It 1 


You Try It 2 


You Try It 3 


You Try It 4 


You Try It 5 


You Try It 6 


You Try It 7 


You Try It 8 


° Cost of an orange tree: x 
Cost of a grapefruit tree: y 
First purchase: 


Ava) — Oy e535, lt 

As= 41,3; 5, <..} 

AUB ={-2, —1,0, 1, 2, 3, 4} 
CMD = {10, 16} 

ANB=®© 

{x |x < 59, x € positive even integers} 
Ly |e > = 3x Creal numbers} 


The solution set is the numbers 
greater than —2. 


=5 -4 -3:-2.- 0 1 2 3 4 5 


Solutions to You Try It $21 


Second purchase: 


ae ~ i 


e The total of the first purchase was 
$290. 
The total of the second purchase 
was $330. 


Solution 
25x + 20y = 290 
20x + 30y = 330 


25x + 20y = 290 
25x + 20(7) = 290 
25x + 140 = 290 
25x = 150 

x=6 


4(25x + 20y) = 4 - 290 
—5(20x + 30y) = —5 - 330 


100x + 80y = 1160 
—100x — 150y = —1650 
—70y = —490 
y=7 


The cost of an orange tree is $6. 
The cost of a grapefruit tree is $7. 


You Try It 9 The solution set is the numbers 
greater than —1 and the numbers less 
thatieess: 


-5 -4-3-2-1 012 3 45 


You Try It10 The solution set is the real numbers. 


-5 -4-3-2-1 0123 4 5 


You Try It 11. The solution set is the numbers less 
than or equal to 4 and greater than 
or equal to —4. 


5-4 —3) 2a te Ol 92 Ba 45 


SECTION 9.2 


You Try It 1 


58 4 SD 

56 AE DS DS HDS 
Sore Se! 
oa 


$22 Chapter 9 


You Try It 2 Bye ab 3) > Ake oP D> You Try It 3 
5x — 4x + 3 > 4x — 4x + 5 Strategy To find the maximum number of 
a+3>5 miles: 
sae inch ra eae e Write an expression for the cost of 
x > 2 each car, using x to represent the 
number of miles driven during the 
You Try It 3 = oe > =) week. 
Leen, e Write and solve an inequality. 
ete eer Solution 
5 SS 
SSS SSS ee Sees Cost of a is cost of a 
cee fis ee ee Company A | less Company B 
car than | car 
3 
You Try It 4 === io = is 
s 8(7) + 0.10x < 10(7) + 0.08x 
-$(-22)<-409 56 + 0.10x < 70 + 0.08x 
3 4 c) 56 + 0.10x — 0.08 < 70 + 0.08x — 0.08x 
eS =A) 56. + 01024 = 70 
56 = 56 + O1024<8/015.56 
You Try it 5 0.02x < 14 
0.02x 14 
Strategy To find the selling prices, write and 0.02 < 0.02 
solve an inequality using p to x < 700 


represent the possible selling prices. 


Solution 0.70p > 314 
p > 448.571 


The maximum number of miles is 699. 


The dealer will make a profit if the 
selling price is greater than or equal 


to $448.58. SECTION 9.4 
You Try It 1 Ky ee 
XS SOV ee 
oy eee 
SECTION 9.3 Sie SRY 
2) a ee 
3 =) 
You Try It 1 5S = ake = ©) = (ye 1 2 
5) = diye ap ye S OD = ye sb tee 6 3 ras 
5+ 4x>9 
5) =) ape) — ©) 
4x > 4 
4x _ 4 
4 4 5 
xe > 1 2 
z 
2 
You Try It 2 8 — 43x + 5) = 6(@ — 8) =| 
8 — 12x — 20 = 6x — 48 al 
aie = 6x 48 3 
—12 — 12x — 6x = 6x — 6x — 48 You Try It 2 2 Ay srs a 
—12 — 18x = —48 24 Sx ty = 2 8 S| 
SiVIEE WP iyo ee 7 ae 1p) —4y < -2x +8 F 
OX, == 36 —4y  —-2x+8 a || 
= > — 3 
Se = 0 —4 —4 o 
-18 18 1 2 
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| Solutions to Chapter 10 “You Try It” 


SECTION 10.1 

You Try It 1 

=5V/32 = —5V25 = —5V 24-2 = -5V24*V2 
= —5-2?V2 =—20V2 

You Try It 2 


N 216 = \/ 293? = V/22932(22 3) 
= V22-3?°V2-3=2-3V2-3=6V6 


YouTryiIt3 Vy = Vyl8-y = VylBVy = y?Vy 
You Try It 4 V45b7 = V32-5- b’ = V32b%5 - b) 
= VIB Sb = 3b°V5b 
You Try It 5 
3aV 28a°'8 = 3aV 22 - 7 - a%b'8 
= 3aV 27a°b!8(7a) 
= 30 27a®b\/ Ta 
=3a-92-ab 1a =6a@b NV la 
You Try It 6 
V25(a4 +3)? = V52(a+ 3)? = 5@ + 3) 
=5a-+ 15 
You Try It 7 Vx2 + 1444+ 49=Vixet+ 7% =x +7 
SECTION 10.2 
You Tryit1  9V3 + 3V3 —- 18V3 = -6V3 
You Try It 2 


250 — 5V32 = 2V2-52 - 5V25 
= 2V58V2 — 5V24V2 


mo 5/2 — 5° 222 
= 10V2 — 20V2 
= -10V2 


Solutions to You Try It $23 


You Try It 3 eS 


You Try It 3 

yV28y + 7V63y3 
= yV2?- Ty + 7V32-7- 3 
= yV2V Py + 71V32- PV 7y 
=y:2V1Iy+7-3-yV1y 
= 2yV7y + 2yVIy 
= 23yVTy 

You Try It 4 


2V27a5 — 4aV12a3 + a®V75a 
= 2V33-a5 — 4aV2?-3-@+a0V3-52-a 
= 2V3? - a4*V3a — 4aV 2? - aV3a 
+ ?V52V/3a 
=2:3-a@V3a — 4a-2-aV3at+a*-5V3a 


= 6a°V 3a — 8a?V 3a + 5a?V 3a = 3a’°V 3a 
SECTION 10.3 
You Try It 1 V5av 15a3b4V/ 3b5 
= Visa = VI5EB 
= V3252a4be Vb = 3 - Sa2b*Vb 
= 15a7b'Vb 
You Try It 2 


V5x(V5x — V25y) 
= V5%x? — V53xy 
= V5t8 — V5IV xy = Sx — SVExy 


(2Vx + 7)2Vx —-7)=4Vxy¥ - 7 
= 4x — 49 


You Try It 3 


You Try It 4 
GVA = V9 )OV A= 24) 
= 15(Vx)? — 6Vxy — SVxy + Vy)? 
I5(Va)? = Dixy + 2(Vy)? 
15x — 11Vxy + 2y 


I| 


I 


SEER ae, 


$24 Chapter 10 


You Try It 5 


You Try It 6 
V3 V3 V3+ V6 


VEG Gr RG 
£83 VS 2 eee 


336 =3 
ae = = (en 2) 
= =i = V2 


You Try It 7 
Sa Sine ee 
2s Wes Tens 

_ 5 + 10Vy + Vy + 2(Vy)? 


1 — 4y 
We yay 
1 — 4y 
SECTION 10.4 
You Try It 1 V4x+3=7 
V4x = 4 
(V4x)? = 4 
4x = 16 
x=4 
Check: V4x+3=7 
VERA S| 7 
Va+3 17 
Al ae 3) UV Oi 
7=7 
The solution is 4. 
You Try It 2 
Vx+Vx+9=9 
Vx =9-Vx49 


(Vx) = (9 - Ve #9) 


x= 81 — 18Vx+9+(@+9) 


—90 = -18Vx +9 
5= Vero 
5S (Ve +9)? 
255, 
16=x 


Check: 


Vx + VO 9 


V16 + V 16420 Sie 
A See. 


9=9 


The solution is 16. 


You Try It 3 
Strategy 


Solution 


You Try It 4 
Strategy 


Solution 


To find the distance, use the 
Pythagorean Theorem. The 
hypotenuse is the length of the 
ladder. One leg is the distance from 
the bottom of the ladder to the base 
of the building. The distance along 
the building from the ground to the 
top of the ladder is the unknown leg. 


a@=VE=B 
= V8? - BF 
=1/64=9 
= 55 
= 7.42 


The distance is approximately 7.42 ft. 


To find the length of the pendulum, 
replace T in the equation with the 
given value and solve for L. 


L 
2.5 = 2(3.14) 30 
L 
2.5 = 6.28 30 
2 L 
(PS © NED 
DENG Ne 
(sas) ~ (55) 
(745) Es 
39.4384 32 
(0)745) 18, 
02 sy area) = e235) 
200 2NE 
39.4384 
5.07 ~ L 


The length of the pendulum is 5.07 ft. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Solutions to You Try It $25 


| Solutions to Chapter 11 “You Try It” 


SECTION 11.1 


3y? 1 
You Try It 1 —+y--= 
y D y 5 0 
3y? 1 
2) —+y-=]= 
( meee 7] 2(0) 


3y -1= Vecto le 
Syl y= = I 
1 
uns 


The solutions are : and —1. 


YouTryilt2 <x«?+ 81=0 
x-==81 
Ve = VER 
V —81 is not a real number. 
The equation has no real number 
solution. 
You Try It 3 71Z 42) = 21 
(z +2) =3 
Vet oP = V3 
ie ee) 
z=—-2+V3 


The solutions are —2 + V3 and 
—2- V3. 


SECTION 11.2 


You Try It 1 

3x? — 6x -2=0 
3x7 — 6x = 2 
1 

5 Gx? = 6x) = 5-2 
2 
ee) ee 
x om 


Complete the square. 


2 
6 get | Segal 


5 
Bae yop 
Vie 
VE=T= 3 
Pea es 
=a ec en 
aap Be a ar eee 
3 3 
V15 WII'S 
x= i1+—— = | —-— 
3 3 
Beagle em Le 
3 3 
+ V15 


. 3 
The solutions are ae er and 


YouTryiIt2 x? + 6x + 12=0 
x? + 6x = —-12 
a Ox Oa 12 9 
Coaecoh 8} 
VCE 3) = NS 
\/—3 is not a real number. 
The quadratic equation has no real 
number solution. 
You Try It 3 


2 
got 0 


x? 
8 = +x +1) =80) 
x? + 8x +8=0 
x? + 8x = -8 
x? + 8x + 16=-8 + 16 


«x +4P=8 
V(x + 42 = V8 
x+4=+V8 =+2V2 
x+4=2V2 x+4=-2V2 
x=-44+2V2 x=-4-2V2 
= —4 +4 2(1.414) = —4 — 2(1.414) 
= —4 + 2.828 = —4 — 2.828 
= —].172 = —6.828 


The solutions are approximately —1.172 and 
—6.828. 


S26 Chapter 11 


SECTION 11.3 


You Try It 1 


You Try It 2 


3x? + 4x —4=0 

a=3,b=4,c=—-4 

—(4) + V(4? — 4(3)(-4) 
23 

—4+ V16 + 48 


x= 


The solutions are : and —2. 


pra a | 
pa eat a 
4 a 
2S 1 
«9-0 
a 2x =4 
x+2x-1=0 
RS ihieS2 eS Si 
ee 32) 2iV2r=4C) 
Daa 
_-2+V444 -2+V8 
ogy aa in a 
= 


The solutions are —1 + V2 and 
-1- v2. 


SECTION 11.4 


You Try It 1 


You Try It 2 
SECTION 11.5 
You Try It 1 
Strategy ° This is a geometry problem. 
e Width of the rectangle: W 
Length of the rectangle: W + 2 
° Use the equation A = L- W. 
Solution A=L-W 
15=(W+ 2)W 
15=W’*+2W 


0=W’+ 2W- 15 

0 = (W + 5)(W — 3) 

W+5=0 W-—-3=0 
W=-S5 Ww=3 


The solution —5 is not possible. 
The width is 3 m. 


Answers to Odd-Numbered Exercises Al 


| Answers to Chapter 1 Odd-Numbered Exercises 


SECTION 1.1 


ee Oe eet = 8 42190 720 =31 9.53546 «(11 falsey, 13. truce —=15_-false 

17. true__ 19. true 21. _{1, 2,3, 4,5,6,7,8} 23. {1,2,3,4,5,6,7,8} 25. {-6,-5,-4,-3,-2,-1} 27.5 
29. —23,-18 31. 21,37 33. —52,-46,0 35. -17,0,4,29 37. 5,6,7,8,9 39. —10, -9, —8, -7, -6, -5 
aie 4) 43,9" “45.36 47.40 49.—-39 51.74 53.—82 55. —81 57. |22[> |-19| 

59. |—71|<|-92| 61. |12| <|-31| 63. |-28] < |43| 65a. 11,7,3,-1,-5 _—b. 11,7,3,1,5 67. never true 


SECTION 1.2 


te es 35 =) 35 eis! 7. —46 ox0 Alle a 13. 9 1s, J 7 ale Ui Alte! 21. —41 
FES. =i \92 25. 0 27. —34 290 Hh, —=Coyi! 2B, 27 35. 8 231, = 3959 41. 9 43. —3 
45. 18 47. —9 49. 11 SH —ilfe! 53. 0 Tay HE SI 32h! af), te! He Sl 63520) 

65. The difference is 399°C. 67. The difference is 7046 m. 69. The difference between the highest and lowest 
elevations is greatest in Asia. 71. The difference is 5182°C. 73. The total net loss was —303 million dollars. 

75. The difference between the net losses in 1994 and in 1992 was 544 million dollars. 77. The difference is 16°F. 

79. No. For example, 10 — (—8) = 18. 


SECTION 1.3 


1. 42 Sy ye, 5. 60 Ven 9235, +), = Wars (iil ili! 1B, = 10s 15-8252 17. —240 19. 96 
21. —216 72 Fs 1 il bay 25. 420 27. 2880 29 ee yh, W Shh = 22 35. 8 27/5 = ae} = il) 
41. —6 Ake, =I 45. 11 47. —14 49. 15 Hil == Iie) aKy, (U Ty =, 57. undefined ah Salih 
61. undefined 63. The average daily high temperature was — 26°F. 65. The five-day moving average was 

VG), =O), yaaa sy Bo) Bay 67. The score for the exam was 74. 690 71. x is negative. Explanations will vary. 


SECTION 1.4 

1 4 2 3 3 11 1 = = — 

= = “ = i= hae ES Se SOE 19,0125 21202 423.045 
Vee hg S80 ee 18.75 5 0.16 9. 0 

6 29.00.94 31.2;0.75 33. =2;0.64 35. 2;1.25 37.-~;019 39. —;0.05 

25. 0.916 27. 0.9375 70. 70. Berit Brea Toe 593 0: 

1 1 2 1 5 

= = = -——~ A9.— (51.0073) (53.0158 ~ 55.0.003_ 57. 0.099 _ 59, 1.212 
4.5 4, 4.3 47-39 9.7 


1 5 
61. 15% 63. 5% 65. 17.5% 67. 115% 69. 0.8% 71. 54% 73. 335% 75. 457% Tl (MSYo 


1 i 7 
79. 166 = % 81. as 83. ee 85. Se 87. a 89. + Wh = 935 S50) CWE i ec 


99. > 101. 1 103. . 105. 8.022 107. —38.8 109. —6.192 111. 13.355 113. 4.676 
3 1 4 
415. -10.03 117. -60.03 119. 11.56 121. -0.88 = 123. 4.73. 125. -2 127. 75 129. —5 


7 15 10 147 25 2 rs 
ear aa a rs = 8 ror 141 7 143. 4.164 145. 4.347 147. —4.028 
137; 133. 64 135. 9 137; 32 139 3 3 


(Pp pp ibn Or, 153. 0.506 1555 0223.10 157. —274.4 1592 161 eu 


163. —2060.55 165. 5% of the total is contributed by corporations. 167a. 47% of Waterworld’s total gross was from 
foreign countries. 
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b. 44% of Judge Dredd’s total gross was its U.S. box-office gross. 


c. Judge Dredd and Spy Hard grossed more than half their box-office incomes in foreign countries. 


171. Answers will vary. 173, a4—2,)— 3,6 = 6 


11. 0.09 13. 12 15. 0.216 Wh. =e 19. 16 2 OOe 
23. —1008 74i), 3 As = TTS 7As), 9) shh, 2 Soom 35. 8 37, —16 Some lic 41. 13 


43. —36 45. 13 47. 4 49. 15 Sil Al 53. 4 Gd, ESI! yh, Meg 59: 


61. No. 6 + 2(4 — 9) = 6 + 2(—5) = 6 + (—10) 4. Do multiplication before addition. 


CHAPTER REVIEW 
1-6 [12A] ~ 2.0.28 [14A]) 3. —25 [USA] 4.10 [1.5B] 5. =4<2 [ai 6, 0062 mira 


I 
Th, =472 |LiLsvN) Bh = [LAKE] oO) {Lil S183) 10. —4 [1.14] il —slOYetss= AKC) 12. 62.5% [1.4B] 


12 
13. 0.13 [1.4A] 14. —4 [1.2B] 15. 4 [1.1B] 16. 8 [1.3B] Ws 20. [Ll si83) 18. Sas [1.4B] 
2 
is Sil | S83 20 a ome eZ Al 21. 54, % [1.4B] 22: o [1.5A] 23. —4.6224 [1.4D] 2475 els Bil 


8 
72s, il [tl 2183] 26. 75 [1.4D] 7A Ty O), 9) |i ils) 28. 81 [1.3A] 29. —|6| < |—10| [1.1B] 


30. 1 [1.5B] 31. The score for the exam was 98. [1.3C] 32. 17.8% of the messages is E-mail. [1.4E] 
33. The difference is 396°C. [1.2C] 


CHAPTER TEST 


1 
te i (LM SSlB8) 2. 835% [1.4B] =} 112 {Lev 4. —5.3578 [1.4D] a Set (Lil 7183) 6. = [1.4B] 


1 
7. 15 [1.4C] 8. 8 [1.5B] 9.90 [1.3A] 10. 4 [1.1B] Ui OSMaliieo All 12. 4 [1.1A] 


9 
135-272 40) STA] 14-4 [BI 15. 5530.45 [14B] 16. -16 [1.2A] 17. —48 [1.3A] 


1 = 
3, iy (PS 19. 4 [1.2B] 20. = [1.4D] 21. 102.5% [1.4B] 77x, S) |i 518i) 235037 EAA 
24a. The annual losses would be —$12,560,000. b. The average monthly loss was — $5,070,000. [1.3C] 


25. The price of one share was $62 _ [1.4E] 
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| Answers to Chapter 2 Odd-Numbered Exercises 


SECTION 2.1 


1. 2x*, 5x, —8 S240. Bey) Oxy Ih Ip=e we t= ah ll 11. 10 13. 32 15. 21 17. 16 
kh =e 21. 41 7d}, =f 20 mil6 7M fo AN) 29. 41 31. 1 33.5 35. 1 37. 57 Shh S 
41. 8 43. —3 45. —2 47. —4 49. 10 ah, 225) 53. 1 Te, =23 57a. 2 b. 5 c. 6 
d. 7 


SECTION 2.2 

1. 14x 3. 5a 5. —6y 7. —3b —7 9. 5a ie 2ab 13. 5xy 15. 0 17. -25 19. sx 

21. 11x 23. 7a 25. —14x? I 58 Ae Shy ZAt) IN7be = Shy Shh, =a = Wo SE} = She = 65y 35. —4x? — 2x 
Whe iA 39) 21a 41. 6y 43. 8x 45. —6a 47. 12b 49. —15x? 51. x? 53. a 55a 57. n 
5OMC 61. y 63. 3x 652% 67. —8a’ 69. 8y 71. 4y TEL S75 75. 6a TW), =32 = 2 

79. 8x —6 81. —2a — 14 83. —6y + 24 $5535) 21D 87. 2 — 5y 89. 15x? + 6x Wile. Ay = ks 

SEE =USee = SO 95. —6x? — 28 97. —6y? + 21 99. 3x? — 3y? 101. —4x + 12y 103. —6a? + 7b’ 

105. 4x? — 12x + 20 107. x—3y+ 4 109. —12a* — 20a + 28 111. 12x? — 9x + 12 113. 10x? — 20xy — 5y’ 
115. —8b* + 6b — 9 Us Gi = FW thE Silke ap ils} 121. —4y — 4 123. —2x — 16 125. 14y — 45 

127. a+ 7b 1 A: alo) a eas) IBN ly Bye = 75) 133. 4x — 4 1BG). Wwe — & 137a. False.8 +=444-= 8 

b. False. (8 + 4) + 2 # 8 = (4 = 2) ChBalses (75) ha (5) d. False. 6 — 3 #3 — 6 


139. No. 0 does not have a multiplicative inverse. 141. Answers will vary. 


SECTION 2.3 


(esey Sf 10 5. 2414—- “7. x? — 20 9. 3n +12 aCe, 13. 3(y +7) 15. t(¢ + 16) 


2 2x 
17. se ap iS 19. 5n?> + 1’ 7A z 23. x7 — (x + 17) 25. 9(z + 4) 7A fe MN) = 3% 29. 3x 31. 9 
35 IP y= Ubae— I) 37 f 39 Boe fe ee 41. (2x — 4) + x; 3x —4 
sey ile =< b (6 ) aX Bees k 5 (x 5 5 E : 
Dee ap S) 
LEY (Ge — SVR Ths = BS 45. “W). 3 = (Cie = BP ke aE 49. 3x + x; 4x 51. (x + 6) + 5;x + 11 
jaey 4a. ell Se ae. <2 
53a x(a 10) — 10 55. Fo + 9” 187 57. y 4p Be ae 59. average sale price of a home in Carmel: P; average 


sale price of a home in Vail: P + 143,600 61. S,12—S 63. distance traveled by the faster car: x; distance traveled 
1 ee aes 
by the slower car: 200 — x 65. time to prepare Form 1040: ¢; time to prepare Schedule A: 4t 67. world population in 


1990: p; world population in 2050: 2p 69. number of oxygen atoms: x; number of hydrogen atoms: 2x 


71. Answers will vary. 


CHAPTER REVIEW 


Asie 2440.— 21--[2.2C] galixe [222A 3. 8a — 4b [2.2A] 4. —5n [2.2B] 5. 79 [2.1A] 

Ga10c— 35. (2-2C] 7a 12y -- 8y —10 = [2.2C] Sa 601225) 9. —42x? [2.2B] 10. —63 — 36x [2.2C] 
11. =5y 7 (2.20) 12. —4 [2.1A] 13. 24y + 30 [2.2D] 14. 9c — 5d [2.2A] 15. 20x [2.2B] 

16. 7x + 46 [2.2D] 17. 29 [2.1A] 18. —9r + 8s [2.2A] 19. — 4x*+ 6x [2.2A] 20. —90x+ 25 ([2.2D] 


A4 Chapter 3 


: 2 
2) 28a, 8a 12” 1222C) 22. —4x + 20 [2.2D] re wes) NdeI WN 24. 36y [2.2B] 25. 3 + 10) [2.3A] 


26. number of calories in an apple: a; number of calories in a candy bar: 2a + 8 [2.3C] 
29), Bee tb Ge = Rese — Sy |Psiey 28. 4x [2.3A] 29. number of ten-dollar bills: T; number of five-dollar bills: 


35 —T [2.3C] 30. 2x — 5 San [2.3B] 31. number of American League cards: A; number of National 


2. 
League cards: 5A [2.3C] 32 OM IZ SAN BEL Gear Jee she |P25)83] 


CHAPTER TEST 


ib bye [2724/\]| 2. —6x? + 21y” [2.2C] 2} spar @ |[27AD) 4. —ix + 33 [22D] 5. —9x — Ty [2.2A] 
6. 22 [2.1A] 1), Be [227A 8. 7x + 38 [2.2D] 9. —10x? + 15x — 30 [2.2C] 10. —2x — 5y [2.2A] 
ii 3 [REVAL 12. 3x [2.2B] 13. y? [2.2A] 145—Axc tom 2] 15. —10a [2.2B] 

16. 2x +y [2.2D] 17. 36y [2.2B] 18. 15 — 35b [2.2€] 19. a? —b? [2.3A] 

201 0G 3) 2107 30m 12:38) 21. x + 2x” [2.3B] 22. speed of return: s; speed of fastball: 2s [2.3C] 


23. o- 3 [2.3B] 24. b—7b [2.3A] 25. shorter piece: x; longer piece: 4x — 3 [2.3C] 


CUMULATIVE REVIEW 


Us =7 (Lay) rx, Sy | [il 74183] 3. 24 [1.3A] 4.—-5 [1.3B] 5. 1.25 [1.4A] 6. a [1.4C] 7. = [1.4D] 
1 
8. Fi [1.4D] 9. 75% [1.4B] 10. —5 [1.5B] 11. = [1.5B] 12. 16 [2.1A] 13,52, 122A) 


14. —7a—10b [2.2A] 15. 6a [2.2B] 16. 30b [2.2B] 7224 — 6x [226] ISN Gy SZ 2e] 
19. : [1.4B] 20. 0.0105 [1.4B] 21. —8&7 + 12y? [2.2C] 22. —9y? + 9y + 21 [2.2C] 
23. —7x +14 [2.2D] 24. 5x — 43 [2.2D] 25. 17x — 24 ([2.2D] 26. —3x + 2ly [2.2D] 

10 Se 


1 
21 ou, api |2s¥N 28. nee, [2.3A] 7As), {0} = D [2.3B] aM, sear (Gear Dp reese 2 |[PSiei 


2h, (@ 4b 39S ar i 27 se See [2 e8i) 32. speed of normal drive: s; speed of triple-speed drive: 3s [2.3C] 


| Answers to Chapter 3 Odd-Numbered Exercises 


SECTION 3.1 


1. yes 3. no 5. no 7. yes 9. yes 11. yes 13. no 15. yes 17. yes 19. yes 21. no 
23. 6 25. 16 7th, Tl 7d), 22 31. 1 33. 0 35. 3 377-10 SOS 41. —14 43. 2 
45. 11 47. —9 49. —1 51. —14 GE}, = 5) 55a 57. 1 59. ae 61. ae 63. ut 65. mel 
2 4 12 12 
67. 0.6529 69. —0.283 Al D257 7K, =3} 75. 0 We =2 79. 9 81. 80 83. —4 85. 0 
87. 8 ix), = 7 91. 12 GEL =i Sky 15) S720 99. 0 101. 15 103. 75 105. : 107. A 
3 


1 3 15 
109. 75 111. eo; 113. 7 115. 4 117. 3 119. 4.745 121. 2.06 123. —2:13 125. 28 


127. 0.72 129. 64 131. 24% 133: 7.2 135. 400 137. 9 139. 25% 141. 5 143. 200% 
145. 400 147. 7.7 149. 200 151. 400 153. 20 155. 80.34% 157. 19% of the students are in the fine 
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arts college. 159. 65% of the amount spent by companies was spent on sports. 161. The total electricity used for home 

lighting is 96.1 billion kWh. 163. There were about 2,482 million shares. 165a. More money was spent on new 

cars in 1986. b. $41 billion more was spent on new cars in 1986. 167a. Answers will vary. b. Answers will vary. 

169. Answers will vary. 171. It is two times its original value. 

SECTION 3.2 

tle 3 2h ap =I Ve = “), 2 Wil 2 ic: 5 ie. =3 17. 6 ike 3 21. 1 yx Pee) 743}, =] 

3 

FD He Be OR SS NS PY ERT eS eth 49. = 
2 4 3 

51. 5 53. = 55. ay 57. 18 59. 8 61. —16 63. 25 65. 21 67. 15 69. —16 Hy, =Zil 
15 18 

73. os 75. = Wa 72 79. 3 81. 1 83. —2 85. 19 87. —1 89. —11 91. The markup rate 


is 60%. 93. The cost is $59. 95. The markup rate is 44.4%. 97. The cost is $8.50. 99. The discount rate 

is 23.2%. 101. The regular price is $300. 103. The markdown rate is 38%. 105. The regular price is $275. 
107. The initial velocity is 8 ft/s. 109. The depreciated value will be $38,000 in 2 years. 111. The length is 
approximately 31.8 in. 113. The distance is 168 ft. 115. The population is approximately 51,000 people. 

117. The year is 1952. 119. The markup is $18. 121. The regular price is $317.65. 123. 385 125. Answers 


will vary. 127. The distance and the speed of travel are needed. 


SECTION 3.3 


ee Sas) el Tne eh =2 ils 2) 13. 0 ky Wie) ie) = 21. 4 23. : 


2 7a}, ANT 31. 41 33. 8 35. | 37. 4 sh} = 41. —1 43. -+ 45. 


Nh 
o1 
alm 
i) 
~“ 


49. ay 51. i 5). 4 55. 0 SH). =| 59. The force applied must be 25 Ib. 61. The fulcrum must be 
6 ft from the 180-pound person. 63. The fulcrum must be 10 ft from the 128-pound acrobat. 65. The minimum 
force is 34.6 lb. 67. The breakeven point is 260 units. 69. The breakeven point is 520 units. 71. 3000 bats must 


be sold to break even. 73. no solution Ty, @ 77. Yes. Answers will vary. 


SECTION 3.4 

ils eS) Sb 2), ie SHile = ay Y= 9 78 2 Dee Xo le? iS), reap | = ibe S 11. 4x — 6=22;7 
13. 3(4x — 7) = 15;3 1B, Ze = 25) = ake =SU Wis She il Sy eh ill 19. 3x + 2(18 — x) = 44; 8, 10 

21. The integers are —8, —6, and —4. 23. The integers are 11, 13, and 15. 25. The integers are 6 and 8. 

27. The integers are 2, 4, and 6. 29. The storage capacity is 2 gigabytes. 31. The customer used the service for 11 min. 
33. The executive used the phone for 162 min. 35. The family used 515 kWh of electricity. 37. The pieces 

measure 6 yd and 8 yd. 39. The value of the stock account is $6000. The value of the mutual fund account is $4000. 


41. Answers will vary. 43. contradiction 45. sig 47. 0 


SECTION 3.5 


1. The sides measure 50 ft, 50 ft, and 25 ft. 3. The length is 13 m. The width is 8 m. 5. The length is 40 ft. The 
width is 20 ft. 7. The sides measure 40 cm, 20 cm, and 50 cm. 9. The length is 130 ft. The width is 39 ft. 


A6 Chapter 3 


11. The width is 12 ft. 13. Each side measures 12 in. 15. The complement of a 28° angle is 62°. 

17. The supplement of a 73° angle is 107°. 19. 35° 2027208 23. 53° 73}. IPI” ZTE 72), Ne 

31. 45° 33. 49° Shy, iv 37. Za = 122°; 2b = 58° 39. Za = 44°; 2b = 136° 41. 20° 43. 40° 

45. 128° 47. Zx = 160°, Zy = 145° 49) Za =40% 2b 140 51. 75° — x 53. The measure of the third angle 
is 45°. 55. The measure of the third angle is 73°. 57. The measure of the third angle is 43°. 59. The length is 


9 cm. The width is 4 cm. 61. Answers will vary. 
SECTION 3.6 
1. 20 oz of herbs should be used. 3. The cost of the mixture is $1.84 per pound. 5. 3 lb of caramel is needed. 


7. 2 c of olive oil and 8 c of vinegar are used. 9. The cost is $3.00 per ounce. 11. 16 oz of the $400 alloy 

should be used. 13. 37 lb of almonds and 63 Ib of walnuts were used. 15. 228 adult tickets were sold. 

17. The cost is $.70 per pound. 19. The resulting gold alloy is 24% gold. 21. 20 gal of the 15% acid solution 

are used. 23. 30 |b of the yarn that is 25% wool is used. 25. 6.25 gal of the plant food that is 9% nitrogen is used. 
27. The resulting mixture is 19% sugar. 29. 20 lb of the coffee that is 40% java beans are used. 31. 100 ml of the 
7% solution and 200 ml of the 4% solution are used. 33. 150 oz of pure chocolate must be added. 35. The resulting 
alloy is 50% silver. 37. The rate of the first plane is 105 mph. The rate of the second plane is 130 mph. 39. They 
will be 3000 km apart at 11 A.M. 41. The cabin cruiser will be alongside the motorboat 2 h after the cabin cruiser leaves. 
43. The distance from the airport to the corporate offices is 120 mi. 45. The rate of the car is 68 mph. 47. The 
distance between the two airports is 300 mi. 49. The planes will pass each other 2.5 h after the plane leaves Seattle. 

51. They will meet 1.5 h after they begin. 53. The bus overtakes the car 180 mi from the starting point. bi, 75) 


of pure water must be added. 57. 3.75 gal must be drained from the radiator and replaced by pure antifreeze. 


59. The cyclist’s average speed for the trip was 135 mph. 


CHAPTER REVIEW 


i, Bil |[B iB 3] 72, NO) [3.3183] 247 |S AN 4. No [3.1A] By, AD [Sik] 62-2 i3SB) Ty BOE 
DXOYoOr 12, \[ 31D} 8. 4 [3.3A] 9 — 1 sss Bi 10. 4 [3.3A] 11. The cost is $671.25. [3.2B] 
1, G8 [Bs518) 13. A force of 24 lb must be applied to the other end. [3.3C] 14. The average speed was 


32 mph. [3.6C] 15. The discount rate is 335%. [3.2B] 165 2% = 227 Zy = 1587 3: 5B] Uys W Gli Or 


cranberry juice and 3 qt of apple juice were used. [3.6A] 18. The integers are —1,0, and 1. [3.4A] 19. The 
angles measure 75°, 60°, and 45°. [3.5C] 20057 — 4 = 16745 (3:44) 21. The height of the Eiffel Tower is 
993 ft. [3.4B] 22. The length is 80 ft. The width is 20 ft. [3.5A] 23. The jet overtakes the propeller-driven plane 


600 mi from the starting point. [3.6C] 24. The numbers are 8 and 13. [3.4A] 25. The resulting mixture is 14% 
butterfat. [3.6B] 


CHAPTER TEST 


Te S25 1323A) fy =5 [Sols] 35 =e) (SAN 4.2 [3.3B] 5. No [3.1A] 6.5 [3.2A] 7. 0.5% of 8 


y 1 
is 0.04. [3.1D] 8. 16 [3.3B] Gh 2 [2 3v\) 10. —12 [3.1C] 11. 10 lb of the $.70 rye flour and 5 lb of the 


$.40 wheat flour should be used. [3.6A] 12. 19° [3.5B] 13. The discount rate is 20%. [3.2B] 

14. 200 calculators were produced. [3.2B] 15. The measure of one of the equal angles is 70°. [3.5C] 16. The 
integers are 10, 12, and 14. [3.4A] 17. 1.25 gal of water must be used. [3.6B] 18. Za = 138°, 2b = 42° [3.5B] 
19. 3x — 15 =27;14 [3.4A] 20. The rate of the snowmobile was 6 mph. [3.6C] 21. There are 110 color TVs 
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made each day. [3.4B] 22. The two numbers are 8 and 10. [3.4A] 23. The distance between the two airports is 
360 mi. [3.6C] 24. The sides measure 5 ft, 8 ft, and 10 ft. [3.5A] 25. The temperature of the water after mixing is 
SOx; [bse] 


CUMULATIVE REVIEW 


us @ {kaisy 2. —48 [1.3A] 3. = [1.4C] 4. —2 [1.4D] 5. 54 [1.5A] 6. 24 [1.5B] 


Fo VN Gh = i7ee NAN] Ss =a = 2D |P2N 10. 2x [2.2B] Tes oye 22 Bi) 
12. 2x7 + 6x —4 [2.2C] 13. —4x + 14 [2.2D] 14. 6x — 34 [2.2D] 16s Nes [[sil\) 16. No [3.1A] 
LOD IB sD) uch =Zsy [Is KE] 1k, =3 1sy2/N] 20. 3. [3.2A] 7at\s 118) |[33.33183] 72, [38183] 


1 
78%, = 3) |[B.SVNII 24. 5 [3.3A] 25. The final temperature of the water is 60°C. [3.3C] 


26512 — 5x = —1856. [3:4A] 27. The area of the garage is 600 ft?. [3.4B] 28. 20 lb of oat flour must 
be used. [3.6A] 29. 25 g of pure gold must be added. [3.6B] 30. The length is 12 ft. The width is 10 ft. [3.5A] 
Siaisies [3-5Bi 32. The measure of one of the angles is 60°. [3.5C] 33. The length of the track is 120m. [3.6C] 


| Answers to Chapter 4 Odd-Numbered Exercises 


SECTION 4.1 


1. yes 3. no 5. yes 7. yes 9. binomial 11. trinomial 13. none 15. binomial V7. — 2x? 3x 
19. y?=8 21. 5x? + 7x + 20 23. x? + 2x* — 6x — 6 25, 24° = 347 — Ia + 2 27. 5x7 + 8x 

29. 7x? + xy — 4y’ 31. 3a* — 3a + 17 33. 5x? + 10x? -x -—4 ei ae ae Net a 37. 4x 

39. 3y- 4y — 2 A172. ASTAg a oe | 45. yy Sy" = 2y — 4 AJ. —y* — 13xy 

49. 2x? — 3x - 1 51. -2x7 + x7 +2 53.30a° — 2 55. 4y? + 2y? + 2y — 4 57. x7 + 9x - 11 59. Answers 


will vary. 61. Yes. For example, (2x? + 3x — 4) + (—2x? + 5x? — 6) = 5x? + 3x — 10. 


SECTION 4.2 

930% 3. —42c® 5. 9a’ Jeeta 9. —10x*y The Abe eye 13. —6x%y° 15. x*y°z Tapco 

19. —30a°b® 21. 6a°b 23. 40y!%° 2px 2 27. —24a°b*c?* 29. 8x"yz° 31. 30%°y° 33. —36a°b’c? 
35.0% 377% 2 290 41. y? 43. —8x° 45. x*y° 47. 9x*y° 49. —243x'>'0 51. —8x’ 

53. 24x°y’ 55. a*b® 57. 64x'y? 59m 8s ye 61. —8a’b° 63. —54a°b* 65. 12x? 67. 2x°y? + Oxy? 
69. 0 TA Nix? 73. true 75. False. (x?)° = x?7° = x"° 77. No. 2° is larger. 79. Answers will vary. 


SECTION 4.3 

eee — 2 Bn a4o = 16 5. 3a° — 6a* Te 5x + 5x? 9. —3x° + 7x? Aiea 26x 356% 12% 

15. 3x? + 4x 17. —x*y + xy? 19% ee 21. 2a? + 3a? + 2a PRY yi BUG) 

25. —6y* — 12y> + 14y” 27. —2a> — 6a” + 8a 29. 6y* — 3y? + by’? 318 ky —Bxty + xy? 331%? 4.44? SREHe 
35. a? — 6a* + 13a — 12 37. —2b° + 7b? + 19b — 20 39. —6x? + 31x? — 41x + 10 41. x? — 3x7 + 5% — 15 

43. x‘ — 4x? — 3x? + 14x — 8 45. 15y? — 16y? — 70y + 16 47. 5a* — 20a? — 5a* + 22a — 8 


49. yi+ 4 +y’?-5y+2 51. x7 + 4x + 3 53. a2 +a— 12 bb) y= Sy — 124 57. y’ — 10y + 21 
59. 2x7 + 15x + 7 61. 3x? + 11x — 4 63. 4x? — 31x + 21 65. 3y* — 2y — 16 67. 9x? + 54x + 77 
69. 21a’ — 83a + 80 71. 6a? — 25ab + 14b? Sula) al lab 630" 75. 100a? — 100ab + 21b? 

77. 15x? + 56xy + 48y" 79. 14x? — 97xy — 60y" 81. 56x? — 6lxy + 15y’ 83. y* — 25 85. 4x? — 9 
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87. x7 + 2x41 89. 9a? — 30a + 25 91. 9x? — 49 93. 4a’ + 4ab + b* 95. x? — 4xy + 4y? 97. 16 — 9y" 
99. 25x? + 20xy + 4y’ 101. The area is (10x? — 35x) ft?. 103. The area is (4x? + 4x + 1) km?. 

105. The area is (4x? + 10x) m?. 107. The total area is (60w + 3000) yd?. 109. x* + 2x? — 5x? -— 6x + 9 

111. 12%? — x — 20 113.38 7a 7 115. No. Answers will vary. 


SECTION 4.4 
1 1 1 . 4 2 ; x 
== ; —— ; — : 1 = b= We, Sie 195-— PAA No Al PRE =I 
1 35 3. 64 5 77 Va 2 Ce 11. a 13 e 5 3 
: ' : a 3? 2a 1 1 1 
25 721), 29. p Sil, Dee 33. 2k 35. men 37. skh == 41. — Boe 45. => 
x 2 3 y a 3x 
2 ys 2 1 1 7xZ p? 8x? 9 2 
= = , SSS = == a 59. WL === OS. = ey, 
os Be oS x 2 Smin’ he Pq 4 2y? oy 8y* 2m? yo xy" xe 
5 a’ 10y3 1 3 1 | a’ 1 ab 
= —— gae8 yes = a oie nate — 
De ah ier pal ere Wace WOME ey rthirwag Bee ol me Eh mas = 
6 844 3 
TP oe a ee 93) 3.2410) “95. 7107. 97, 3.2 10 899. R22 Sloe 
a 4r 27m>n 


101. 5.47 x 10° 103. 0.000167 105. 68,000,000 107. 0.0000305 109. 0.00000000102 1112-6023 0.10- 


11325— 10° 115. 1 x 10° AigimlGe al Ons AUS Seay I, UAE as 2p LS4 


2 


ee ee Ons Ge 


= 6 \ eee 
123. False. (2a) Qa? 8a3 


: ae = ee 
127. x’, x # 0, is always positive. x"? = => since 
xe 


; ae il. ne 
x? is positive, — is positive. 
DP 


SECTION 4.5 


i fe 24? 5) 3. 6y + 4 Shag 7; —hat 2 9: x? + 3x -—5 11. xt — 3x? =4 13... xyar 2 15. —3y24+ 5 


1 6 
23K 2 UE asi Toe: 21. 4a —5 + 6D 7ii, ye sp @ = Shy PAsy, Loy = Il PH fy NS CA) Dy = Fi 


25 20 19 24 
31. 2y+ 6+ CeL ey 35. 3y —5 + ore ee 
y we x ear) sy = 5 ued Ry Malone Les 39.b=—5 nae 
ih Sei BEET VEE Gee ae one Leh WA 8 49. <2- 5x +2 2 
: geal SOY y +3 : 5 Mal a ae He ar Mls Be se 5) 
53. 3ab 
CHAPTER REVIEW 
18h 2p 915 [4:30] 92. 2197 f4y 1 [A1Al) Sn bc-e sper ; Z = [4.5B] 4. x4y%* [4.2A] 


3 
5. —8x? — 14x? + 18% [4.3A] 6. b? [4.4A] 7. 64 [4.2B] 8. 2x7 +3%—8 [4.1B] 9! ~ [4.4A] 


10. 25y?— 70y +49 [43D] 11. 100253 [4.2B] 12. 4b* + 1267-1 [4.5A] 18. 13y? — 12y2 — Sy -1 [4.1] 
_ 2a’ 

" 363 

17. 8a°b? — 4a*b* + 6ab> [4.3A] 18. -2y? +y—5 [4.1B] 19. 9x4y® [4.2B] 

20. 1265 — 4b* — 6b? — 8b? +5 [4.3B] 21. 2x? + 9x? 3x -12 [41A] 22. —4y +8 [4.5A] 


14. 10a° + 12a — 22, [4.1A] 15. 6y? + 17y? — 2y — 21 [4.3B] 16 [4.4A] 


4,6 
23. a2- 49 [43D] 24. —54ab5c? [4.2A] 25. 2y-—9 [4.5B] 26. + [4.4A] 27. —20x3y> [4.2A] 


28. 10a? + 31a - 63 [4.3C] 29. 1.27 x 10°? [4.4B] 30. 0.0000000000032 [4.4B] 
31. The area is (2w? — w) ft?. [4.3E] 32. The area is (9x? — 12x + 4) in?. [4.3E] 
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Answers to Odd-Numbered Exercises A9 


CHAPTER TEST 
3 
1. 4x3 — 6x? [4.3A] 2. 4* —1+ re: [4.5A] Ss} a [4.4A] A. —6x*y° [4.2A] oy, 26 = il Se 4 [4.5B] 
x 
10 
6. x? — 7x? + 17x — 15 [4.3B] 7. —8a°b? [4.2B] 8. zis [4.4A] 9. a* + 3ab — 10b* [4.3C] 
x 
10. 4x* — 2x7 +5 [4.5A] 11.*+7 [4.5B] 12. 6y* — 9y? + 18y? [4.3A] 
13. —4x* + 8x3 — 3x? — 14x + 21 [4.3B] 14. l6y?-9 [4.3D] 15. ab’ [4.2A] 16. 8ab* [4.4A] 
17. 4a —7 [4.5A] 18. —Sa> + 3a*-— 4a +3 [4.1B] 19. 4x° — 20x + 25 [4.3D] 20. 2x + 3+ 5 3 [4.5B] 
Arr 


21. —2x? [4.4A] 22. 10x? — 43xy + 28y? [4.3C] 23. 3x3 + 6x? — 8x +3 [4.1A] 24302 10n (AA Bi 
25. The area is (7x? — 107x + 257) m?. [4.3E] 


CUMULATIVE REVIEW 


[1.5A] 3,2 ap _ RN A Se Se be) AQ ya 


ape tox 12)112.2D)5 83-16. [3.1C] © 94-16 .[3,3A]* 410.159 13.3B] 11, 229% 2 (34D] 
12. 4b? — 4b? - 8b -— 4 [4.1A] 13. 3y3 + 2y?-— 10y [4.1B] 14. ab [4.2B] 15. —8x3y° [4.2A] 


i == [LIC] 2 


win 


16. 6y* + 8y? — 16y*? [4.3A] 17 910a2 39a" 20a 21 8[4:38] 18. 15b? — 31b + 14¥ [4.3C] 19. = [4.4A] 


20.a—7 [4.5B] 21. 0.0000609 [4.4B] 22. 8x — 2x = 18;3 [3.4B] 23. The resulting mixture is 
28% orange juice. [3.6B] 24. The car overtakes the cyclist 25 mi from the starting point. [3.6C] 
25. The length is 15 m. The width is6m. [3.5A] 


| Answers to Chapter 5 Odd-Numbered Exercises 


SECTION 5.1 


1. 5(a + 1) 3. 8(2 — a’) 5. 4(2x + 3) 7. 6(5a — 1) 9. x(7x — 3) 11. a?(3 + 5a’) 13. y(14y + 11) 

15. 2x(x> — 2) 17. 2x7(5x* — 6) 19. 4a>(2a* — 1) 21;_xy(xy — 1) 23. 3xy(xy> — 2) 25. xy(x — y’) 

27. Sy(y? — 4y + 2) 29. 3y7*(y? — 3y — 2) 31. 3y(y? — 3y + 8) 33. a*(6a* — 3a — 2) 35. ab(2a — 5ab + 7b) 

37. 2b(2b* + 3b? — 6) 39. x?(8y? — 4y + 1) 41. (y + 7)(a + z) 43. (37 + s)(a — b) A (= Ga = 7) 

47. (2y + 1)(4a — b) 49. (x + 2)(x + 2y) Dik, (Ga = Be = S} 53. (b — 4)(a + 6) 552 (2 ty) (22. al) 

57. (4v + 7)(2v — 3y) 59) (2x — 5)\(~ = 3y) ih Gy = a = 2) 635 Gia Gx =) 65. (¢ — 2) (3s + 2) 

67a. (2x + 5)(x + 3) be (ats) |Qicee5) 69. 28 is the one perfect number between 20 and 30. 71. In the equation 


for the perimeter of a rectangle, when L + W doubles, the perimeter doubles. 


SECTION 5.2 

1. (x + 1)(x + 2) 2%, (Ge = 2)yGe sr i) 5. (a+ 4)(@ — 3) (a= IN@ =2) ch @ 4 2W@.= 1") 

11. (b — 3)(b — 3) 13. (b + 8)(b — 1) IKE (Gy ar Gy = Sy) Ws GY = 3G = 2) ikh (@ =e =) 

21. (z — 20)(z + 8) 23. (p + 3)(p + 9) 25. (x + 10)(x + 10) 27. (6 + 4)(6 + 5) 29. (x + 3)(x — 14) 

31. (6 — 5)(b + 4) SEE (Gu SaOGn ar 3) ha he((fa) = TONG O a 3) 37. nonfactorable over the integers 

39 >) Ga LS) 41. (p + 3)(p + 21) ANY (Ge ae AY(ge ae NS) 45. (x + 9)(x — 4) 47. (a + 4)(a — 11) 
49. a—3)@—18) 51. @+21)\@-7) 53. (¢@+12)e€-15) 55. (9 +9)(p+15) 57. (+2) + 9) 

th (Gear ise — 5) Hh, (Ge ce AE2—= 4) 63. (b — 4)(b — 18) 65. (a + 45)(a — 3) O/n Dia) (Daas) 
69. (z + 12)(z + 12) 71. (x= 4) (x — 25) TE (Ce a altos — 74) Is Beer MGS ae oi), TA Aee ar Ces — 2) 
79. a(b + 8)(b — 1) ik, salgy se GP ars) 83. —2a(a + 2)(a + 1) 85. 4y(y + 6)(y — 3) 87. 2x(x? — x + 2) 


A10 Chapter 5 


895 6(z 1&3) 91. 3a(a + 3)(a — 6) Ser (Ge se TANG = Ss) 95. (a — 5b) (a — 10D) 97. (s + 8t)(s — 6f) 
99. nonfactorable over the integers 10th 2-2 LONG 3S) 103. b*(b + 2)(b — 5) 105;3y7(y 4 3) + 15) 
107. —x?(x — 12)(x + 1) USE Sylee ar Dive = 5) 111. —3x(x — 3)(« — 9) 113, (a— oy) 5y) 

115. (a — 6b)(a — 7b) Uti (Gy se GY ae Te) HEE Shue ae ZI) (Ge =a hy (PAL, SetGe ae 4 (Ge — 3) 

123. 4z(z + 11)(z — 3) 125. 4x(x + 3)(x -— 1) 127. 5(p + 12)(p — 7) 129. pp + 12)(p = 3) 

Bl, @ = Sse = Ws) 133. (a + 3b)(a — 11b) TEL, Ge ae Oe — QD) (EY), 1b WA, = Koy, SXo° 

BEE =22, SW), 110), 2 141. 6, 10, 12 143. 6, 10, 12 145. 4,6 


SECTION 5.3 


tl (es =e We se 1!) s}, (iy se IYGY ae 3} iy, (Ba = ING = AV) i Pd = ia = 5) Ch ier = Gece 1), 

11. (2x + 1)@ — 3) ie (i? = SMG =e ) is Go = a = 3) 17, 4y—NiGy = 1) 19. nonfactorable over 

the integers Al, (Hi = (ae = 4) 23. (8x + 1)(« + 4) 25. nonfactorable over the integers 

27. (4y + 5)(3y + 1) 748), (Ha. = YG se 7) 31. (3b — 4)(6 — 4) SE) (Wxear Wile = ie) ey, (Gia ZGD 2) 

37. 2(2x + 1)(« + 1) 2h), SGP = TYG) = 1) 41a x2 — Wigs 5) 43. b(3a — 4)(a — 4) 45. nonfactorable 
over the integers LW), shale ae “(Ge — 5) 49. 4(4y — 1) (Sy — 1) 51. z(4z + 1)(2z + 3) GE giGye se 2)\(Cxe = 5) 
Be, HO = SC se A) Wea Aso = (a= 3) 59 2 (132 — 3) 4) 61. 2y(5y — 2)(y — 4) (Eh gudiche = Wie sp 2) 
65. 3a(2a + 3)(7a — 3) OH), ine = Swe = Shy); 69. xy(3x — 4y)(3x — 4y) 71. Gx —4)2x — 3) 

13, Go = Bo ++ 7D) 75. (3a + 8)(2a — 3) th, (Cz se SW se 2) IK), (oar ako — 9) 81. (8y + 9)(y + 1) 

Se} (Gr ae IG = 9) 85. (6b — 1)(6 + 12) SW), (Ske <r Z(Gee ar 2) Ek) (Go = 2\(La = 3) 91, (1b — Bb 5) 
93. (3y — 4) (6y — 5) 95. (3a + 7)(5a — 3) 97. (2y — 5) (4y — 3) 99. (4z — 5)(2z + 3) 101. nonfactorable over 
the integers EL, (Be = SiGe = Y) 105. (6z + 7)(6z + 5) Os (a2 = AAG ar Sy) 109. (3a — b)(a + 2b) 

Wit Chy—= sayin = 22) 11 = = WK ae a) 115. —(x — 1)(x + 8) 117. 3(3x — 4)(x + 5) 

119. 4(2x — 3)(3x — 2) 121. a?(7a — 1)(5a + 2) 123. 5(3b — 2)(6— 7) WAse, (aye = SwGe — 753) 

127. 3(8y — 1)(9y + 1) IPA), (Ge = ile se 21) 131. Answers will vary. 133. x(x — 1) 135 (yer 1) (yee) 
1S Tin (AY. 3) Pood) tek li sy. ME 1 ys) 143. —3, 3, —9,9 


SECTION 5.4 


1. (¢—=2G@4+2) 3.@-9@+9 5.641% 7.@-1% “9 GeP Ce oi) “WMG sje a 
13. nonfactorable over the integers 15. (x +) 17. (2a + 1)? 19. (3x — 1)(3x + 1) 21. (1 + 8x)(1 — 8x) 
23. nonfactorable over the integers 25. (3a + 1)? 27. (b? — 4a)(b? + 4a) 29. (2a — 5) 31. (3a — 7) 

33. (5z + y)(5z — y) 35 (abi >) (abe) Sly (Gee = iW)\Gee se il) 39. (2a — 3b)’ 41. (2y — 9z)? 


1 1 
43. ( < aie bs 2) 45. 3ab—1)’ 47. 22y — 1I)Qy +1) 49. 3a +1)? 51. (mm + 16)(m + 4) (em — 4) 


53. (9x + 4)(@ + 1) 55. 4y*(2y + 3)? 57. (y* + 9)(y? — 3) (y? + 3) 59. (5 = 2p)" Oh Gx — 3 y) Ge Bey) 
6351-2 — ¥) (6 2 4) 65. 5(x + 1)(x — 1) 67. x(x + 2) 69. x°(x + 7)(x — 5) 71. 5(b + 3)(b + 12) 
73. nonfactorable over the integers Uy, Pelee a> BES = 3) Thakte 60 15) SES al) 

81. (2a + 1)(10a +1) 83. y(x —8)(x +1) 85. 5(2a— 3b)(a +b) «87. -2(x —5)(x +5) 89. Da — 5)? 

91. ab(4a + b)(3a — b) 933 3a(2a 11) 955.3(317 2) Sih, AckPra = S)\((ska. = 4) 995 aa 5) 

101. 3b(3a — 1) 103. —6(x + 4)(x — 2) 105. x(x + y) (G4) 107. 2a(3a 2)" 109. —b(3a — 2)(2a + 1) 
Wil g2a5(2x-=23) (4— 8) 113. x7(4 +°5)(% = 5) 115. (a? + 4)(a + 2)(a — 2) 117. —3y*(2y + 5)(4y — 3) 

119. 2 —3)2a—b) (121. y + )DY=-D@—b) 1235 G@—yiGs b)@ —b) > 91257 1p > 2766 
129. —10, 10 131. (2n + 1)? — 1 = 4n(n + 1). Since n orn + 1 is an even number, 4n(n + 1) is divisible by 8. 


SECTION 5.5 


1) = Srandiee2 3. 7 and 3 5. 0 and 5 7. Oand9 9. 0 and -= 11. 0 and 13. —2 and5 
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Answers to Odd-Numbered Exercises A11 


if 7 
15. 9 and —9 17. 5 and a 19. 5 and -> 21. —2 and —4 23. —7 and 2 25. 5 and 5 


1 1 
27. = and aes 29. 0 and 3 31. 0 and 7 33. —1 and —4 35. 2 and 3 37. 5 and —4 39: = and 4 


41. 3 and 9 43. 9 and —2 45. —1 and —2 47. —9and5 49. —7 and 4 ly =2euayel =8' 53. —8 and 9 
55. 1 and 4 Se rane 59. The number is 6. 61. The numbers are 2 and 4. 63. The numbers are 4 and 5. 
65. The numbers are 3 and 7. 67. There will be 12 consecutive natural numbers. 69. There are 6 teams. 

71. The object will hit the ground 3 s later. 73. It will be 3.75 s later. 75. The length is 15 in. and the width is 5 in. 
77. The height of the triangle is 14 m. 79. The dimensions of the type area are 4 in. by 7 in. 81. The radius of the 
original circle is 3.81 in. 83. Answers will vary. 85. 0 and 1 87. 2 and 32 Ek), =O aime! =il 91. 1 and 18 


CHAPTER REVIEW 


1. (6— 3)( —10) [5.2A] 72, (6a = B)(Gse ae 5) (S183) 3. nonfactorable over the integers [5.3A] 

4. 5x(x? + 2x+7) [5.1A] 5. 7y3Qy°—7y3+1) [5.1A] 6. (y—4)(y +9) [5.2A] 7. (2x -7)(@x—4) [5.3A] 
8. 3ab(4a + b) [5.1A] 9. (a® + 10)(a2— 10) [5.4A] 10. n’*(n + 1)(n — 3) [5.2B] 11. (6y — 1) @y 4-3) [5.3A] 
12. 2b(3b — 4)(2b — 7) [5.4B] 13. Gy" + 52) Gy — 52) 154A 14. (c + 6)(c + 2) [5.2A] 


15. (6a — 5)(3a + 2) [5.3B] 16. >and =7 {[Sosv] U7/, Zedge = Ose ae 1) 52133) 1833 (G42) (G7) ll>-2 Bil 


i), (ea == S\@ = iy 15.2183) 20. —3 and7 [5.5A] ih, (Ga = So)(tee se By) [STB] 22. (ab + 1)(ab — 1) [5.4A] 
ZX, (258 se DN Gee ae AVY |[Sysilt5i LN Nee se 2s = 3) (571831 25. 3(x + 6)? [5.4B] “AX, (Ces = DE =) [5.3331 
27. The length is 100 yd. The width is 60 yd. [5.5B] 28. The distance between the screen and the projector 


1S Oxtteli> 5B) 29. The width of the frame is 1.5 in. or 15 ual, |[isysouls} 30. The length of a side is 20 ft. [5.5B] 


CHAPTER TEST 
MCG | SIBl 2G ey 8) 528) § 3.4 ere 3) ISGBle 4.2 Gre Sn IS3Al 
Bee 1A (Alle 69 2xGe 4c 5)) [SIAL 7 ere Sx “a8)= 152A] aes 8. 5 and 5 [5.5A] 


9. 5(x? — 9x — 3) [5.1A] 10. (p + 6)* [5.4A] 11. 3and5 [5.5A] 12. 3(x + 2y)? [5.4B] 
13. (b+ 4)(b — 4) [5.4A] NA say (2x al) 1) fo:3B) iky (ae AG = B) |S 16. (x —2)@+b) [5.1B] 
7a ie) [5.1 Bl 18. 3a +5)@-—5) [5.4B] 19. nonfactorable over the integers [5.3A] 


20. & + 3)\(«—12) [5.2A] 21. (2a — 3b)’ [5.4A] 22. (2x + Ty)(2x — 7y) [5.4A] 23. > and =7/ ||5.5/N) 


24. The two numbers are 3 and 7. [5.5B] 25. The length is 15 cm. The width is 6 cm. [5.5B] 


CUMULATIVE REVIEW 


[sal@) 7. 


w]ry 


aed (2B) 2. 4 [1.5B] 35 2A 4=154*--[2.2B] a IZ |227710)) 6. 


Be iesEl le 9 4a ou DI] 100 9a'b™ [4 2B) tx? 8k — bx 8 [4.3 By 12; Ant 8 + 


13.2 [44A]  14-(@—5)(3-x) [5.1B] 15. Sxy(3 — 4y’) [5.1A] 16. (x — 7y)(x + 2y) [5.2A] 
x 


17. (p —10)(p +1) [5.2A] 18. 3a(2a + 5)(3a + 2) [5.3B] 19. (6a — 7b)(6a + 7b) [5.4] 
20. (2x + Ty)? [54A] 21. Gx —2)Gx+7) [5.3A] 22. 2(3x-— 4y)’ [5.4B] 23. (x — 3)Gy — 2) [5.1B] 


24. Z and —7 [5.5A] 25. The pieces measure 4 ft and 6 ft. [3.4B] 26. The discount rate is 40%. [3.2B] 
a 


A12 Chapter 6 


27. The measure of angle a is 72° and the measure of angle b is 108°. [3.5B] 28. The distance to the resort was 
168 mi. [3.6C] 29. The integers are 10, 12, and 14. [3.4A] 30. The length of the base is 12 in. [5.5B] 


| Answers to Chapter 6 Odd-Numbered Exercises 


SECTION 6.1 
3 1 2 3 a 2 Se Pe Bar D x+4 
= = — aS ve = 17 19. 
ae Stas 2 : ss. 2 4x ul a K Pains K+A4 jo — 2 
x+2 2(x + 2) 2x -— 1 x+7 35ab? 4x3? 3 
= aS = 1. 33.— 35. ab? 
ear a Nas ee, «| oe ee 4 ‘ 
sas = il) we = 1) 5 fe ae S ia = iI oe) is 2 
—oe |, ee = Oe ee en 
a Gea) a GENO 1 A eee SG) x—6 
x+5 Ta>y* 4 3a x(x + 4) x(x — 2) 3by (x + 6)(x — 3) 
53. ee he ee (eae SEE eee yo Th 
: x— 12 40bx 2 3 Be 2 e we 3 DY y(x — 6) & ax (x + 7)(x — 6) 
+ 
699i 71-2 ant 95. Yes for examples 0000000iua+ 105 77 Sine) Se Sie 
x-4 i= 3 3y y 
b+ 2 
83 
SECTION 6.2 


Meese 3. 30x*y’ 5. 8x?(x + 2) 7. 6x’y(x + 4) 9. 36x(x + 2) 11. 6(x + 1) 
13. (x — 1)(« + 2)(« + 3) 15. (2x + 3)*(x — 5) 17. (« — 1)(@ = 2) 19. (x — 3)(x + 2)(x + 4) 
PAI, (ge =¢ AGe Ze Ge = 7283, (G2 = ONMGe ae OMe ae 2!) AA, (56 = 3)(Ge = SB) (Ge se 33) 74), (See = Dy(ge= S\Ge => 2) 


2 a 
DENG Se Shea Nes ME lease aie a=o a2. 2 pages SB ged Tats 
ab’’ ab? 18x*y’ 18x 
+5 6 2y + Ta? : = 
ge Rc I TI ee Cena ae us Fre ee 
CP) BAC ees)) Vos Tr sya) y(y — 4) y(y — 4) GO =Tyn, Oe 
a7 2y? 3 49 oe AK Dee si 46 — |i 3x? + 15x 4 
* yy — 3)’ yy — 3) " (2x — 1)(x + 4)’ (2x — 1)(x + 4) ~ (x —5)(x +5)’ “(x — 5)(x + 5) 
53 x? — J x? — 3x 800 9 57 et ae x 
“(x + 5)(« — 3)(x + 1)’ (x + 5) (x — 3)(x + 1) “TOP? 1G? eet 
59 3c? — 3cd 6cd + d’ 
* 3(6¢c +d)(e+d)(e—d)’ 3(6c + d)(c + d)(c — a) 
SECTION 6.3 
Ul v7 8x Sy ar of Msg == '5 = oye — 4) 1 1 3 
1. > 33. 5. ‘ ; . _— 
y? x +4 2x +3 x—-3 x +9 u 2x +7 132 as pee VS ail 
1 dy +5 - = 
19. 21, a 93 eg eee 
x-5 xy Dig 12x 6x? 20xy 15x ' 24 
x + 90 x? +2x+2 2x* + 3x — 10 —x* - 4x + 4 4x +7 4x? + 9 
35. 37 eg ee ae gee re os We Bae 
45x 2x? 4x? aA x A ue x+1 2: 24x? 
I = 9) = 2 = es = = 
a7. oho = il ay 3y 49. AO se DBE s pee + 9y 51. 9x See = yay = NOY 53. the = 23 
xy 24x’y 18xy? (ee = Bye = 2) 
55 Vi 33 3x? + 20x — 8 3(4x? + 5x — 5) 61 —4x +5 2(y + 2) 4x 
 (y + 6)(y — 3) (x — 4)(x + 6) * (x + 5)(2x + 3) 6 “Vy-4y+4 a: (x + 1 
oT 2x - 1 69. 14 : ; =U(5e +b 1) 73, = 4 75. 2x +1 =3(x° 8x + 25) 
(1 +x) —x) (x — 5) (x — 7)(x + 6) x—-6 x-1 "(x — 3)\(x + 7) 
0 
79. D2 A IX) 1100 OO 81. 1 


374 5 ot 101 100) 
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Answers to Odd-Numbered Exercises A13 


SECTION 6.4 
x 2 ae Be Zeal) cit? x6 eee ] 
ose ap >| P P ; eae 
5 ms 3 y—4 5x + 36  demere id x+5 iS x+1 ag! La ar 
Sirs se Hl Lyi ae aie ital 5 1 
19. 21, —— 23. b ' === SS sn 
Go 58 is 2p ty 2y + 1 Li 5 As An — 3 BSS — 74) pies =4 aml 
y+4 ae yr +x? 
35. ———_ ; Vise 
2D) pa Aa xy 
SECTION 6.5 
J 
Bes. 35-1 ip 3 Ven 9 4 ie (Bp = % 15 5 17. 8 {BES 7M I, ==) 23: 5 


25. no solution 27. 2 and 4 29. 4 and 3 3h: 3 33. 4 35:0 37. Pre 39. 0 and -= 
5 


SECTION 6.6 


4 eels 3, 12 a, I 7. 6 Gm 11. —6 13. 4 15. -2 17. There will be 20,000 voters voting in favor. 


19. The two cities are 175 mi apart. 21. The sales tax will be $97.50 higher. 23. The recommended area of the 
window is 40 ft’. 25. There are an estimated 75 elk in the preserve. 27. The length of side AC is 6.7 cm. 

29. The height of triangle ABC is 2.9 m. 31. The perimeter of triangle DEF is 22.5 ft. 33. The area of triangle ABC 
is 48 m*. 35. The length of BC is 6.25 cm. 37. The length of DA is 6 in. 39. The length of OP is 13 cm. 

41. The width of the river is 35 m. 43. The first person’s share of the winnings is $1.25 million. 45. The basketball 
player made 210 shots. 


SECTION 6.7 
3 2 2 1 
fey A LO 3.9 =44—'3 oe Tyaqx-2 9. y= — ax t2 Tle YOIT Aah NG 
13. y= 2x -2 15. y=2x +5 17. x = —6y + 10 19. x=Sy +3 21. x=-2y +3 23. x =4y + 3 
d PV P—2y 2A — hb, 3V A 
at =e et ae : = er Es Nh = C= 7. P= 
Zeat F 21 LE aD 29. 1 5 31. b, h 33. h A 35. S—C— Rt = are 
A F + BV ; : : ; ; ; : 
39. w= SEA Ma. S= B b. The selling price per unit to break even is $180. c. The selling price per unit 
Si+ 
to break even is $75. 
SECTION 6.8 
1. It would take 2 h with both sprinklers working. 3. It would take both skiploaders 3 h working together. 5. It would 
take 30 h with both computers working. 7. It would take 30 min with both air conditioners working. 9. It would take 
the second pipeline 90 min to fill the tank. 11. It would take the apprentice 15 h to construct the wall. 13. It would 
take the second technician 3 h to complete the wiring. 15. It would have taken one welder 40 h to complete the welds. 


17. It would take one machine 28 h working alone. 19. The rate through the congested traffic is 20 mph. 21. The 
rate of the jogger is 8 mph, and the rate of the cyclist is 20 mph. 23. The rate of the jet is 360 mph. 25. The rate of 


the motorcycle is 48 mph. 27. The rate of the car is 48 mph. 29. The rate of the wind is 20 mph. 31. The rate of 


the gulf current is 6 mph. 33. The rate of the trucker for the first 330 mi is 55 mph. 35. The less-experienced helper 


can complete the job in 30 h. 37. The bus usually travels 60 mph. 


A114 Chapter 6 


CHAPTER REVIEW 


b*y Tx +22 t=2 x+6 De 
ae 4, - 61A] 5. => [6.1A 
Meee lOLOD” 2h yee LORE S82 ey lee rear ol pr FOIA] 
Cy 22) by* x 
= [6. 8.—, [61B] 9. 6.4A 
eA RR STS u (G2 = ADC = 2) fete) 6ax- [ ] ce 9 [ ] 
Shee 24x? — 4x? whe 
QE Vea 6.7A] 12.2 [6.5A 
aera ae Ge am prea Fo Soi 
I 2y - 3 
13, ¢= ae [6.7A] 14. The equation has no solution. [6.5A] 15. = [6.1C] 16. 2=—— [6.3B] 
4 8x + 5 
17. —— [63A] 18. (Sx — 3)(2x— 1)(4x—1) [6.2A]) 19. y=-zx+2 [67A] 20. = [6.1B] 
Kits 9 Sy a 
21.5 [654] 22.“ [63B] 23. 10 [6.64] 24. 12 [6.64] 25. The length of QO is 15 cm. [6.6C] 


26. It would take 6 h to fill the pool using both hoses. [6.8A] 27. The rate of the car is 45 mph. [6.8B] 
28. The rate of the wind is 20 mph. [6.8B] 29. The pitcher's ERA is 1.35. [6.6B] 


CHAPTER TEST 
ae , («= 5) = 1) 22 des 
SS as) [6.3B] 2 LOA Sh (a + 3)(2x + 5) [6.1B] 4. 3y3 [6.1A] 5.t= . [6.7A] 
48 SP 3) 5 x+5 

6. 2 [6.5A] Vhs a [6.1A] Sus Ge— 1) (eee) iG 2Al 9. Qx—-DGx+) [6.3B] 10. ey [6.1C] 

x—3 3x + 6 Ge 3 
it I [6.4A] 1Pe x(x — 2)(e 42)’ er Ce) [6.2B] 13. Sate [6.3A] 14. y= Br —2 [6:7A] 
15. The equation has no solution. [6.5A] 16. “Ss [6.1B] 17. The length of CE is 12.8 ft. [6.6C] 18. Two 
additional pounds of salt are required. [6.6B] 19. It would take 4 h to fill the pool with both pipes turned on. [6.8A] 
20. The rate of the wind is 20 mph. [6.8B] 21. 54 sprinklers are required. [6.6B] 
CUMULATIVE REVIEW 

31 
1. 30 [1.5B] Foe Bil PWN Sh Se QM [ADA (ho acue Ge As) [7274] 5: - [3.2A] 6. —12). [SSB 


72 ADS 135LD 8. a°b’ [4.2A] 9. a ab— feb" [4 3C] 10. 3b°> —b +2 [45A] 11. x2+2x+4 [4.5B] 
20 (celexa 1))  [5:3A] 13567 6) ha 5-24) 14. a(2a — 3)(a +5) [5.3B] 


2 ee 
15. 4b —5)(b+5) [54B] 16. -3 and > [5.5A] 17. a [6.1A] 18. = [6.1A] 19.1 [6.1C] 
yy x 
OSB). e216 ant nD is 
ee aii : Paygch oe 4A] .4 [6.5A] 23. 3 [6.6A] 24. t = —— [6.7A] 


25. 5x — 13 = —8;1 ([3.4A] 26. The 120-gram alloy is 70% silver. [3.6B] 27. The height is 6 in. and the base is 
10in. [5.5B] 28. A policy of $5000 would cost $80. [6.6B] 29. Working together, it would take the pipes 6 min to 
fill the tank. [6.8A] 30. The rate of the current is 2 mph. [6.8B] 
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Answers to Odd-Numbered Exercises A15 


| Answers to Chapter 7 Odd-Numbered Exercises 


SECTION 7.1 


1 \ eh \ 5 ' 
e4 4 e4 

e 
2 29 29 

e 
> e a i -@—> 
-4..:-2..0 2 4 -4..-2..0 2 4 -4...-2..0 2 4 
-2 -2 —2 
e 
-4 —4 4 
e @ 


I WAMIS (273), B isi(450), Gis (=4--1)) and Dis (—2)—2). sh, Al is ((=2, 3), 123 is (SS, 48), C its (O, O), euavel /0) its (= 3), = 2). 


11a. The abscissa of point A is 2. The abscissa of point C is —4. b. The ordinate of point B is 1. The ordinate of point 
DAS Se 13. yes 15. no W/s 1 19. no 21. y 7433. y s 
t e at G,.5) 
(2, 4) 
2, 29% 2) 
[eo .. 2, 0), Ay 
EA 26 ns ars are eon) me 
(1, -2) 
@2 (S4) ~9) = 
ena) 
-4 =A 
25. y 27. y 29. 2 31. fig 
af (3,3) SEA 1,5) 4f (22,5) gf 
ys (-3, 4) 40,3) 
2 40. 4) 2 2 
° 1) CBD) 

: x G0), Xx x (0, 0) mG 
=4 4-2 0 234 S42 710 Daas =4u1=2 P E422 010 7 oe 
Gils, 5 gn eT) 22 

ins =i -4 -4 

(2-5) 


33. {(1, L), (0, L), (5, W), (8, W), (1, W), (3, W)}; no 35. {(197, 125), (205, 122), (257, 498), (226, 108), (205, 150)}; no 
3 
37. yes 39. no 41. yes 43. 8 45. 9 47. 2 49. —1 ils ZA 53. ney 2, =i 


57. The ordered pairs are being graphed in reverse order. 59. no 


SECTION 7.2 


1. 3 y 5 
j\ 
4 
2 
ai. A 
_4 -4 0 pe 
=?) 
-4 
9 y 11. y 13 
7 4 
4 4 
2 2 
: sli 
SHS 2 rise Z4mie> S10 4 
=, -2 
=| -4 
ie 19. us 21. 
2 
" ~ xX 
cg =47 \=2" [0 2.1.4 
=) 
ay. 4 


A16 Chapter 7 


25. 


Minutes 


39. A dog 6 years old is equivalent in age to a human 40 years old. 41. increases; 3 units; 3 units 


fl 


Human age 


10 20 
Dog's age 


43. They are parallel lines. 


SECTION 7.3 


ils (@, O), ©, =3) “4 @, 0), ©, =e) Bs, (IO, ©); ©, =2) Us (=4, O),@, 12) 9. (0, 0), (0, 0) 11. (6, 0), (0, 3) 


1 


> 1 
13. 15. kh =2 ?Atls 5 == 7 
3 23 5 25 5 


: 1 
27. —1 29. undefined 31. zero 33. =e 35. zero 37. m=0.8 After being connected, each minute of a 


transatlantic phone call costs $.80. 39. m= -—0.4 The percent of the population that can afford a median-priced home 


has decreased by 0.4% per year. 


41. 45. 


49. 53. 


Answers to Odd-Numbered Exercises A17 


6 
57. yes 59. 6% = 0.06 = 00° A 6% grade means that the average slope of the road is oe 


SECTION 7.4 
1, 47 = De a= 2 35 Wa =o = il per ee eG Gey 11 ee (Eh y= Be = 3 
3 4 > 4 2 
2 1 3 3 ) 
15. y=-2k-3 IWy= 19. y==x +2 .y=-=x- -y=ixte 
y Vir ae Sb aertae 21. y 4% 22 23. y Aes 
25. The number of hours of basic cable watched per 27. The number of visitors is decreasing by 2.1 million 
person increases by 12.9 h per year. per year. 
: : 
é & 
ze y 
£ 
5 
ee ce eee eens 
Years Years 
x =0 corresponds to 1990 x = 0 corresponds to 1992 
3 2 5) ese : oe 
29. no 31. yes 33. = 35. n= —5 37. y= —3% 4p 3 39. The restriction is required to prevent division by 0. 


CHAPTER REVIEW 


] 
The D y oye te LAB 
4 
a =3 4 STAN a 
25; 
e 
ie (7.1B] 
b. The abscissa of point A is —2. 
c. The ordinate of point B is —4. [7.1A] 
D 
ge a ed Re y 6. y 7.y=<x+6 [7.4A] 
2 at 4 3 
meee agen 
FReMOl wy wie Se emma ww < 
= -2 
is [7.2A] Ie [7.2B] 
i Wi 


8-1 [71D] 9 y=-Sx+5 [74B] 10. yes [7.1C] 11. 3 (7.3B] 12. (8,0), 0, 12) [7.34] 


13008 (7.3B] 14. y 15. » 16. 
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= > Xx x 
= 4 i=? 10 y? 4 
=) 2 
F736] i (7.2B] [7.3C] 


ht © Hought 


¢ 


Copyri 


A18 Chapter 7 


17. 18. 


[7.2A] 
20. 


[73C] 


21. The cost of 50 min of access time for one month is $97.50. 


Cost 


CS 
, 


50 


19. 


[7.2B] 


{(55, 95), (57,101), (53, 94), (57, 98), (60, 100), (61, 105), (58, 97), (54, 95)}; no [7.1C] 


XxX 


22. The amount spent on health care is increasing $3.85 billion per year. 


CHAPTER TEST 


50 100 
Minutes 


Billions of dollars 


Years 
x = 0 corresponds to 1990 


[7.4C] 


[7.2C] 


1aGu—3) Mi Th Lees y 3. yes (7.1C] > 4. f/@)=6 T7ID] 5) fl=1=3 ep 
e-4 
: 
=4 1-2 10 DRIES 
ik 
meal Olivera 
6. {(3.5, 25), (4.0, 30), (5.2, 45), (5.0, 38), (4.0, 42), (6.3, 12), (5.4, 34)};no [7.1C] 7. y 
[7.2A] 
8. 9. 10. y 
at : 
A 
=4.1-2.10 mec 
=) 
rh [7.2A] [7.2B] mm [7.2B] 
11. 12. 13. After 1 s, the speed of the ball is 96 ft/s. 
é 
Te Fe) [7.3C] re) 


‘ae eck =! 
Time (in seconds) 
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Answers to Odd-Numbered Exercises A19 


14. The slope of the line is 1.5 thousand. The tuition is increasing by $1500 per year. [7.3B] 


15. y cee ..... The number of mutual fund companies is increasing by 330 each year. [7.4C] 


No. of Companies 


Years 
x = 0 corresponds to 1983 


Ie (ZO), ©, =3) |esvAl Ut (=2, 0), ©, WY lava 16 2 [P7383 19. zero [7.3B] 20. undefined [7.3B] 


21. = eB 227 =s2-1 (74a) 235-— =x Ge [ant <a!: = -2y -2 (7.4B] 
25. y= -=x _ : [7.4B] 
CUMULATIVE REVIEW 
5 aril ye 3 19 as 
1-12 (15B] 2-3 (21a) 3. f(-2)=-5 (71D) 45 2a) 5.2 3B) 6 [4B] 


Ta =olxy [A2B| 8. —3x? [4.4A] Gh gee Sh [14518] JO, DG sr Ze se) S218) ik, (ese Die seo) |[Syilan) 


x(x + 3) 


12. 4and —2 [5.5A] 13. rte) 


(OLB eat an Gone Tbe iia Ale Gare ees meat 
x+8 5 


Ut, (]2,=5)) jiveily 1S Zero ml |i/e5 Bil 19. y= xx = 2. |I@;7/\\ 20. y= —-3x +2 [7.4A] 


21. y=2x +2 ([7.4A] 22. y= $x —3 [7.4A] 23. The sale price is $62.30. [3.2B] 24. The measure of the 
first angle is 46°, the measure of the second angle is 43°, and the measure of the third angle is 91°. [3.5C] 25. The value 
of the home is $110,000. [6.6B] 26. It would take 3 h with both the electrician and the apprentice working. [6.8A] 


25 fe 28. y 


(7.2A] ie | exer 


| Answers to Chapter 8 Odd-Numbered Exercises 


SECTION 8.1 


1. yes 3. yes 5. no 
19. 


13. yes 15. yes 17. no 


A20 Chapter 8 


27. 29. y 31. y £3}, 
Dependent.4 
4 
No 2 
solution 
San? rnc S42 WO) Salnamina 
fh 
4 
35. Sy). y 39a. sometimes true b. always true c. never true 
; d. always true 
No 
2) sohition 
41. The graphs are parallel if the system of equations are inconsistent. 43. Answers will vary. 
SECTION 8.2 
te (2,10) 3. (4, 1) bs, (=i), 1) 7. The system of equations is inconsistent and has no solution. 9. The system of 
3 
equations is inconsistent and has no solution. 11. a 5) ee (ab, il) 15. (2, 0) We (72) 19. (0, 0) 


21. The system of equations is dependent. The solutions are the ordered pairs that satisfy the equation 2x — y = 2. 

23. (—4, —2) 25. (10, 31) 27. (3, —10) 29. (—22, —5) 31. $1900 should be invested at 5% and $1600 should 
be invested at 7.5%. 33. $3600 must be invested at 6% and $2400 must be invested at 9%. 35. $4400 should be 
invested at 8% and $1600 should be invested at 11%. 37. There was $21,000 invested at 6.5%. 39. There was 
$12,000 invested at 8% and $8000 invested at 7%. 41. There was $3750 invested in the second trust deed. Asal 
45. Answers will vary. 47. The assertion is not correct. The solution is (0, 2). 49. The research consultant invested 
$45,000. 51. The simple interest earned was $400. The compounded monthly interest earned was $415. The 


compounded daily interest earned was $416.39. 


SECTION 8.3 
1. (5, -1) 24, il, 3) 5.-(1, 1) 7. (3, =2) 9. The system is dependent. The solutions are the ordered pairs that 
satisfy the equation 2x — y = 1. Wh @, D) 13. The system is dependent. The solutions are the ordered pairs that 
: : 13 24 32 9 
tion 2x -3y=1. 15, (-—, -— Ga = 
satisfy the equation 2x yy 5 ( 17’ 7 720) 19. (0, 0) 21. (5, —2) 23. fa 5 


25. (3, 4) 727), (Al, =) 29. The system is dependent. The solutions are the ordered pairs that satisfy the equation 
5x + 15y = 20. 235 (Gs, 1) SE}, (Sil, 2) sty, (il, 1) 37. Answers will vary. 39. A=3;B=-1 


41a. All real numbers, k # 1 b. All real numbers, k # ; c. All real numbers, k # 4 


SECTION 8.4 


1. The rate of the whale in calm water is 35 mph. The rate of the current is 5 mph. 3. The rate of the rowing in calm water 


is 14 km/h. The rate of the current is 6 km/h. 5. The rate of the jet in calm air is 525 mph. The rate of the wind is 

35 mph. 7. The rate of the helicopter in calm air is 225 mph. The rate of the wind is 45 mph. 9. The rate of the 
canoeist in calm water is 6 mph. The rate of the current is 1 mph. 11. The wheat flour cost $.65 per pound, and the rye 
flour cost $.70 per pound. 13. The prime time was $.22 per minute, and the nonprime time was $.15 per minute. 

15. A submarine sandwich costs $4.25, and an order of french fries costs $.90. 17. There are 1 nickel and 2 dimes or 


3 nickels and 1 dime. 19. There were 12.5 acres of good land and 87.5 acres of bad land. 
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Answers to Odd-Numbered Exercises A21 


CHAPTER REVIEW 
1. yes [8.1A] ZanOn [SavAl 3. 


solution 


xX 


[8.1A] 


[8.1A] 


SUC TeMmisoAtme 74 (1,6) [82Al 8 (3,1) [83A]L. 9. 3 3) [8.3A] 10. nosolution [8.2A] 
Ui 1.6) Tie V2. (iL, =5)) ESSN] 13. no solution [8.3A] 14. The system is dependent. The solutions are 


the ordered pairs that satisfy the equation y = — ox +4, [8.2A] tly, (1h, =3) RS NI 16. The system is dependent. 


The solutions are the ordered pairs that satisfy the equation 3x + y = —2. [8.3A] 17. § 4 [8.3A] 18. The rate 
of the sculling team in calm water was 9 mph; the rate of the current was 3 mph. [8.4A] 19. There were 1300 shares at 


$6 per share and 200 shares at $25 per share. [8.4B] 20. The rate of the flight crew in calm air was 125 km/h; the rate 
of the wind was 15 km/h. [8.4A] 21. The rate of the plane in calm air was 105 mph; the rate of the wind was 15 mph. 
[8.4A] 22. The number of ads requiring $.25 was 130; the number of ads requiring $.45 was 60. [8.4B] 23. There 
was $7000 invested at 7% and $5000 invested at 8.5%. [8.2B] 24. There were 350 bushels of lentils and 200 bushels of 
corn. [8.4B] 25. There was $165,000 invested at 5.4% and $135,000 invested at 6.6%. [8.2B] 


CHAPTER TEST 

1. yes [8.1A] 2. yes [8.1A] 3. Soe cSce: 4. (3,1) [8.2A] a} (il, =i) [3.2 
[8.1A] 

6a(2,—1) [82A] 7 & = [8.2A] 8. The system is inconsistent and has no solution. [8.2A] 


9. (2,1) [8.3A] 10. (5: =) [8.3A] 11. The system of equations is dependent. The solutions are the ordered pairs 


that satisfy the equation x + 2y = 8. [8.3A] 1252) —1) [833A 135 (2) 183A 14. The rate of the plane in 
calm air is 100 mph. The rate of the wind is 20 mph. [8.4A] 15. The price of a reserved-seat ticket is $10. The price of a 
general-admission ticket is $6. [8.4B] 16. There was $15,200 invested at 6.4% and $12,800 invested at 7.6%. [8.2B] 


CUMULATIVE REVIEW 


1. ; [21a] 2. 5 3.1C] 3.fQ)=7 [71D] 4. 6a + 137-92 +2 [43B] 5. —2x°y? [4.44] 
6 op = it = ; (45B] 7. 4 [44a] 8. 4y°(ay — 4)(ay + 4) [54B] 9. 4and-1 [5.5A] 
a x 
x7+2 p= 8 1 A=P 
_ ———_ : 12. 6.4A 13. —= [6.5A 14. r = ——  [6.7A] 
(e211. ‘(16:38 <= [6.44] = [6.5] pone 


i 


3 
15. The x-intercept is (6, 0), and the y-intercept is (0, —4). [7.3A] 16..— P [7.3B] Lavi 3 [7.4A] 


18. yes [8.1A] 19. (—6, 1)—[8:2A] 20. (4, —3) [8.3A] 21. The amount invested at 9.6% is $3750. The 


A22 Chapter 9 


amount invested at 7.2% is $5000. [8.2B] 22. The rate of the freight train is 48 mph. The rate of the passenger train is 
56 mph. [3.6C] 23. A side of the original square measures 8 in. [5.5B] 24. The rate of the wind is 30 mph. [8.4A] 
25. 26. 


SS 


[7.2B] [8.1A] 
27. The rate of the boat in calm water is 14 mph. [8.4A] 28. 35.3% of the mixture is sugar. [3.6A] 


| Answers to Chapter 9 Odd-Numbered Exercises 


SECTION 9.1 


i, N= AG, 17%, 18, 19), BO, 2ill} 3, NS) iil, 13, IS, 74 5. A = {b, c} 7. AUB = {3,4, 5, 6} 

9. AU B = {-10, —9, —8, 8, 9, 10} 11. AU B= fa, b,c, d,«, f} ASe AW Bix fees e7, OFalulieals t 15. AN B= {4, 5} 
17. ANB=@ 19. AN B={c,d,e} 21. {x|x > —5, x € negative integers} 23. {x|x > 30, x € integers} 

25. {x|x > 5, x © even integers} 27. {x|x > 8, x € real numbers} 29. 


=§. = 4-3, =2 oe Or I 23: 4eeS 
me pp 
31. -5 -4-3-2-1 0123 4 5 33. -5 -4-3-2-1 012 3 4 5 35. 25: =44=3 =2= 1) Gel) 25S R4 5 
Hn : 
30), Ss a en Ane 39. Answers will vary. 41a. never true b. always true c. always true 
43a. yes b. yes 
SECTION 9.2 
oe - 
1a 2 a2) =e lO) cil PE Be L8G 3.x >3 SF otal Wil 2 Be & 
tt tt tt a fp 
5.n2=3 5 4-3-2-1 0 123 4 5 Wxs—4 373.2 @ ib 2 2 2 5 9.y2=-9 11. x%< 12 


Ue sIRIS eS il) 172% S10. 19. = 6 spel 23. d <-= 25. x= = 27.x<2 


5 5 
= pi = ———————— 
29.x<7 St ay Sh fe << =By5) Shy, 2S Sil SY/e eK SC SO. uci Siwy ahh yi inte et! 
SS SS SS SS Sa SS ee ee 
AT ee eo re es 4s y=3 a ree LS Se ales uy am Wa x=1 
tt — ttt tt SSS SS SS SSS SS 
AS et Bee eons ses Aa 47. Sia Ot 2 & 2) S ba =4 49. y=0 51.2 >2 


7 
5 
EG Sai By, 39 << ilk} Ll 3e 2 ANG LEE so 2 114! 61 x= 21 63. x > 0 65.1 =-= pee 
3 
2 
69. x < 5 Tika 23 Sareea o 1 77. The team must win at least 11 more games to qualify for 


the tournament. 79. The organization must collect more than 440 lb of aluminum cans to collect the bonus. 


81. The person needs at least 50 mg of vitamin C. 83. The student cannot earn an A grade for the course. 

85. {c|c > 0,c € real numbers} 87. {c|c € real numbers} 89. {c|c > 0,c € real numbers} 91. Answers will vary. 

SECTION 9.3 

1.x<4 oe 4 as ge = Il Us BES oe) ils, we < AV 13. y = 2 1B 17 ica 
1 ine) 

19. x =6 21. The agent expects to sell at most $20,000. 23. To exceed the $10 fee, a person must use the service 

more than 60 min. 25. The maximum amount that can be added is 8 oz. 27. The distance to the ski area is greater 


than 38 mi. 29. {1, 2} 31. {3, 4, 5} 33. {x|x © real numbers} 


rac 


AL sai lator 


2 mde d AV TT msn mln wine DAL ED 2 in Co snnsmoanne 


vat 


Answers to Odd-Numbered Exercises A23 


SECTION 9.4 
1. 


CHAPTER REVIEW 


ts S18 [ON 2, AMIB=@ |[9.iVAl| 3. {x|x > —8,x € odd integers} [9.1B] 
4. AU B= {2, 4, 6, 8,10} [9.1A] ay, A= Hil, BS, ZAP LTV] 6.x =4 ([9.3A] 
[9.1C] Gh Ge Zh sy] 9. 


7. -5 —-4.=-3-2-1 0 1 2 3 4 5 


[9.4A] 
11. {x|x > 3,x € real numbers} [9.1B] 


[9.4A] 


<——_+—_+—- +++ +++ 4 = 
a eee eae es wae, 19-2Aly “13;AG B= {1,59} [9.14] 


ithe Ae Game Sree ee abate. Sater cn MPa 


14. =5°24"=3 =2-1 01-2 3 4 5 


1 8 
AP =18 9 [9:3A 18. x < 7 [9.3A] eh 2s 7S [9.2B] 20. 


la [9.4A] 


21.x%=24 ([9.3A] 22. Five or more residents make Florist B the more economical florists. [9.3B] 23. The 


minimum length is 24 ft. [9.3B] 24. The smallest integer that will satisfy the inequality is 32. [9.2C] 25. The lowest 
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score the student can receive is 72. [9.2C] 


A24 Chapter 10 


CHAPTER TEST 


i “a ee en ee [9.1C] 2. {x|x < 50, x € positive integers} [9.1B] 3. A = {4, 6, 8} [9.1A] 
I Da ae 
4.x=-3 [93A] 5x>5 192A] 6 “PES sy oi2345, WAC] 2*<—1 [938 


8. {x|x > —23, x € real numbers} [9.1B] Le 10. 


[9.4A] [9.4A] 


5 Mem 40 
V1 ATE = 112)" (ON Al.) 2 =—3,) Se ee ee ee UO A let t= — [9.28] 


14. x < = [O.3AP— 1Ssc23 “(De iste, ~ (9.2B] @ AGetiae—45/9.3A) Wve Tbe caaoamns: 


grow at least 5in. [9.2C] 18. The maximum width is 11 ft. [9.3B] 19. The allowable diameters are between 
0.0389 in. and 0.0395 in. [9.2C] 20. The broker processed less than $75,000. [9.3B] 


CUMULATIVE REVIEW 


1 


1. 40a — 28 [2.2D] 2. [3.2A] 3.4 ([3.3B] 4. —12a’b* [4.2B] 5 Fe [4.4A] 
4 
6240 [4.5B] Te (=) =O (U7 8. 3a°(3x — 1)(3x + 1) [5.4B] 3: a [6.1C] 
46 | x2 
10§ =e OSB else [6SA IztG = So Re [O7Al 9) tate eT 
Popes oN : aS " .-C= t ; : 3 (7.3B) 
3 3 
14. y= ao ao. [7.4A] 15. (4,1) [8.2A] 16. (1, —4) [8.3A] 17. AU B= {-10, —2,0,1, 2} [9.1A] 
18. {x|x < 48,x € real numbers} [9.1B] i “Ee RES [9.1C] 
st 
WS) MoS Ee emer] Ws Pubes vaky Ie. ewrseecesy. OS] 


23. {x|x = —26,x € integers} [9.2C] 24. The maximum number of miles is 359. [9.3B] 25. There are 5090 fish in 
the lake. [6.6B] 26. The measure of the first angle is 65°, the measure of the second angle is 35°, and the 
measure of the third angle is 80°. [3.5C] 27. 28. y 


ON [9.4A] 


| Answers to Chapter 10 Odd-Numbered Exercises 


SECTION 10.1 


1.4 3.7 5.4V2 7.2V2° 97182 11. 10V10  13)x415° 9152\/208 175 54 Oe 5 
21.0 23.48V2 25.15.492 27.16.971 29.16 31.23 33. yVy 35.0% 37. xy? 39, 2x2 
41. 2xV6 43. 2x?V15x 45. 7a*b* 47. 3x*yV2xy 49. 2x53 10xy ~~ 51. 4a*b>V/5a—Ss«5 3. Bab Vb 

5B. xy 57. 8a°b®V5b 9. Oxy’ V3y 61. 4x*yV2y «63. Sa + 4)or5a+20 65. 2(x + 2) or 

2x? + 8x + 8 (Ye 69. y+ 1 71. No. For example, V4 + 94 V4 + V9 73. Answers will vary. 

75. {3, 4, 5, 6, 7, 8, 9} 77. No. V'18 still contains a perfect-square factor. 6V2 79a. 2.9623 b. 2.0305 
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Answers to Odd-Numbered Exercises A25 


SECTION 10.2 


aN es OVEN 7 10 9 2Vy 1s S11V3b 018 eV 15. 30a 
ees ee 1006. S248 2) 9930 15V2—- 103 25.672 ©9272-1213 29. 2xyvVx — 3xyVy 
Sis eax) S3ee—-13)7\/2y) 435) 4a7b?\/ab: 937. 72 « 3916Vx. 641. =3Vy 43, —4572 
45.13V3—-12V5 47. 32V3-3V11 49.6Vx 51. -34V3x 53. 10aV/3B + 100/55. —2xyV3 
57.5V2 59. Answers will vary. 61. —11V2x+y 63. 13aVa+1 


SECTION 10.3 


ieee On 0k) 1.4) 2930p Ved 11 12ab Vb 13.2 — V6 815 8k — Vay 8) 1705/2 
toate 108 21. 1 OV x 402s. 3a 3Vab  ~25. l0abe (27. =2 £25 29. 16 + 10V2 
31. 6x + 10Vx—4 33. 15x — 22yVx + By? = 3B x —y = 387. 3 39.441. x? 48. 2x’*V/Dy 


2V3 : 5 - 
45. 4xVy 47. Sag, Se 51. SEE ee a - su 


14 —9V2 
eee oi 15625 63. ete 65. 4V6+12 67. The complete solution is available in the 


Solutions Manual. 


SECTION 10.4 


Af AAS 3. 144 a 5) 7. no solution Sh = il 1s Al 16h il) 15. ; 17. 45 19. no solution 


21. The pitcher’s mound is less than halfway between home plate and second base. 23. The periscope would have to be 
16.67 ft above the surface of the water. 25. The height of the TV screen is 21.6 in. 27. The child is 18.75 ft from the 
center of the merry-go-round. 29. The perimeter of the triangle is 30 units. 31. Answers will vary. 33. The area of 


the fountain is 244.78 ft’. 


CHAPTER REVIEW 
453. (1034) 2. 9a2V2ab_ [10.1B] SD MTOFA| 4. 3aV2 + 2aV3 [10.3A] 5. —xV3 —xV5_ [10.3B] 
6. —6V30 [10.1A] 7. 20 [10.4A] 8. 20V3 [10.1A] 9. 7x’y* [10.3B] 10. no solution [10.4A] 


11. 18aV5b + 5aVb [10.2A] 12. 20V10 [10.1A] 13. 7x*yV15xy [10.2A] 14. 8y + 10V5y — 15 [10.3A] 


8 + 24 
15. 26V3x [10.2A] 16. no solution [10.4A] 17. Sve [10.3B] 18. 36x*y°V3xy [10.1B] 


je = @ 
3 ae 16Va 
19. 2y*V6 [10.1B] 20. 5 [10.4A] Ale HSV 297 LOIN 22. tk: [10.3B] 23. The explorer would 


weigh 144 lb on the surface of the earth. [10.4B] 24. The depth of the water is 100 ft. [10.4B] 25. The radius of 
the sharpest corner is 25 ft. [10.4B] 


CHAPTER TEST 

1. 1ix‘y [10.1B] 2. 6x’yVy [10.3A] 3. -5V2 [10.2A] 4. 3V5 [101A] 5.9 [10.3B] 

6.25 [104A] 7: 4a2b°V2ab [10.1B] 8. 7abVa [10.3B] 9. V3+1 [10.3B] 10. 4x*y?V5y [10.3A] 
11. nosolution [10.4A] 12. 21V2y-—12V2x [10.2A] 13. 6x*yV2x [10.1B] 14. y+2Vy-—15 [10.3A] 


15. —2xyV3xy — 3xyVxy [10.2A] 16. Woke [10.3B] hs ai = Whee) (fil) s¥e\ 18. 5V3 [10.1A] 


19. The length of the pendulum is 7.30 ft. [10.4B] 20. The larger integer is 51. [10.4B] 


A26 Chapter 11 


CUMULATIVE REVIEW 


1 
1: Ss [hSBle 220-18 (22D) Vas. a [3.3B] 4. 6x*y? [4.2A] 5. —2b°+ 1-35 [45a] 

Ss sao” eee oom 
6, f(-3)=1 [71D] 7.2a(@—5)(a—3) [52B) 8. 77 [6.1B]  9.-—— [6.3B] W516: 


Wale 47 5 —2 [7.4A] 12, GL, i) SAN 13.3) —2)NL3.3A] 4.x < -= [9.3A] 15. 6V3 [10.1A] 


16. —4V2 [10.2A] 17. 4abV2ab — SabVab [10.2A] 18. 14a°?V2a [10.3A] 19. 3V2 —xV3_ [10.3A] 

20. 8 [10.3B] 218 = 6 = 3 5 OSE 22. 6 [10.4A] 23. The book costs $24.50. [3.2B] 24. 56 oz of pure 
water must be added. [3.6B] 25. The numbers are 13 and 8. [5.5B] 26. Working alone, it would take the small pipe 
48 h to fill the tank. [6.8A] 7A}. (2, =) £22 e 28. y 


cen [8.1A] Le 
29. The smaller integer is 40. [10.4B] 30. The building is 400 ft high. [10.4B] 


| Answers to Chapter 11 Odd-Numbered Exercises 


SECTION 11.1 


[9.4A] 


tl, =‘. 2uaval 3} 53, il aya! 3 By, Il ehavel —2 73 9. 0 and -= 11. — 2 and! 5 133 = and 1 15:73 and > 


1 


17. 19. ~> and > 21. 5 23. —3 and 3 25. -5and 5 27. —3 and 5 29. 1 and 5 31. —6 and 6 


Ww) 


33. —1 and 1 35. i and 4 37. -= and = 39. -2 and = 41. no real number solution 43. —2\V/6 and 2V6 


45.-Sand7 47. -7and-3 49. -=and + 51. -= and 2 53. 4 + 2V5 and 4 — 2V5 
55. no real number solution 57. 2 + 23 and -2 = Dye 59. V2 and —-V2 61. 0 and 2 63. 0 and 1 
a 


65. The annual percentage rate is 8%. 67. yes 


SECTION 11,2 


1. 1 and —3 2%, & gyarel =P 5. 2 7. no real number solution 9. —1 and —4 11. —8 and 1 13. 2+ V3 
and=2—=/3  15.=3*Vid4end=3—=V14 17.1 Vandi V2) 10. = 


2 2 
=j[ 46 W113} =i] = wWils V —-V 
21. 2 and 1 23. ; and 5 255 aN 2 and sa oe = Sere 5 22 
+ V17 il = Wily 
29. ! 5 and 5 31. no real number solution 2383, ll and 5 2), =3 and 5 Sy, @ and > 


1 1 2 1 3 1 3) 1 4 
39. 1 and —= 41. —2 and — 43. —2 and —= = eee = ares See a 
an 5 5 an 3 45 5 and 5 47 3 and 5 49. 5 and 3 


Pees ®D (= VD 
an 


5 d 5 53. —4.193 and 1.193 55. 2.766 and —1.266 LY/5 Ileal arava! O51 59. Answers will 


vary. 61.7 63.4+V7and4-V7 65.6+~V/58and6-—V/58 67. 1and3 69. The ball will hit the 
basket 1.88 s after it is released. 


51. 
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Answers to Odd-Numbered Exercises A27 


SECTION 11.3 


i, il 2hayel 5 3. —3 and5 551 and 3 7. —5 and 1 9. 5 and 1 11. no real number solution 


3 
13. 0 and 1 15. 5 and > 17. 3 and > 19. no real number solution 21. 1+ V6and1—- V6 


23. 3+ Vi0and-3=V/10 25.2+Vi3and2-Vi3 27. 14 N? and a se 29. s ehh ataeeall 
MU ReEeSIGGON 0°33: “4+ N5 and ae a ee ae) =’ Sy) “5 +N? ang Sov! 


39. 5.690 and —3.690 41. 7.690 and —1.690 43. 4.589 and —1.089 45. —2.118 and 0.118 47. 1.105 and 
—0.905 49. Answers will vary. 51a. false b. false c. false d. true 53. —3 and —4 55. The equation 
has no solution. ey, =i avrel i 59. After 2 h the distance between the planes is 1000 mi. 


SECTION 11,4 


19. down 21. down 23. y = 3x? + 6x +5 25. (—3, 0) and (3, 0) 


27. by 0) pad 0) 829, e238) Sis P- 3) = 38 


SECTION 11.5 


1. The length is 4 m; the height is 10 m. 3. The length of the batter's box is 6 ft; the width is 4 ft. 5. The length of 

the pool is 100 ft; the width is 50 ft. 7. The first computer alone would take 35 min. The second computer alone would 
take 14 min. 9. The first engine alone would take 12 h. The second engine alone would take 6 h. 11. The rate of the 
plane is 100 mph. 13. The four consecutive integers are 3, 4, 5 and 6, or —6, —5, —4, and —3. 15. The radius of the 


large pizza is 7 in. 17. The maximum velocity of the car is 78 ft/s. 19. The hang time is 5.5 s. 


CHAPTER REVIEW 


Ate ee TA Al> 2, -2 and 2 Peles oand4 [112A] 4. -oandt [113A] 
7s) y, 


A28 Chapter 11 


5. —4 and 5 [11.2A] 6. 2and > [11.1A] 7. =2 = 2V Gand =2 2 Odes 


8. 1 and 5 [11.34] 


9. ~=and -; EAN 10. no real number solution [11.1B] 11.2 —V3and2+ V3 411:2Al 
12. > = BER ale “— 2 [11.3A] 13. no real number solution [11.2A] 14; —Z.and =10 [TAI 
15. —land2 [11.1B] 16. a = a8 and ae = 28 AN 17. no real number solution [11.3A] 
18. —2 and 3 [11.3A] 19. y 20. 
male A | 4 
2 2 
[11.4A] [11.4A] 
21. j 
: 4 
“4 
Fae 
Ree [11.4A] Saat [11.4A] [11.4A] 
24. The rate of the hawk in calm air is 75 mph. [11.5A] 
CHAPTER TEST 
1. 6and—1 [11.1A] 2. —4 and 2 [11.1A] 3. O0and10 [11.1B] 4. —4+2V5 and —4-—2V5 [11.1B] 
Bee OV Sand 2 V5 112A) 6. ee Ct and =SNt el fae Nile eye “ a [11.2A] 
es \/ 7p W/) \/ NR 
8. = and [(MfoAl oo Nand =oery2 [tes rio 5 end 7 [11.3A] 
11. ~5 and 3 [11.3A] 12. oe tle — 2 Ale 136 
[11.4A] 
14. The length is 8 ft. The width is 5 ft. [11.5A] 15. The rate of the boat in calm water is 11 mph. [11.5A] 
=f 
ia 
CUMULATIVE REVIEW a 
= 
3 it 
1h 28F4 20) (22D) © 24wllZ1C) 968.30 BSBly 4421245 Als Oe lpe yea ie os [4.5B] =} 
aS ~ 
<i 
_ 9x?(x — 2)? x+2 4 2 a 
6.2.67 4) @=2 2) [5:3B) 7. [ORs [6.1C] 8. 5D) [6.3B] 9. ae [6.4A] 10. The x-intercept is 8 
. . 4 = 
(3, 0), and the y-intercept is (0, —4). [7.3A] 11. y= a 2 ([7.4A] 125) (20) ee AU 135 (2) —2) SiISsAy = 
5 
1 z at 
14.x>5 [9.3A]  15.a-2 [103A] 16. 6abVa [10.3B] 17. ed [10.3B] 18.5 [10.4A] g 
©) 
5) 1 = V/ Be EN 2 
19. >and 3 [111A] 20.54 3V2and5-3V2 [11.1B] 21. t + eo : 125 (TOA = 
& 
oO 
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Answers to Odd-Numbered Exercises A29 


22. 2 and 3 [11.3A] 23. The cost of the mixture is $2.25 per pound. [3.6A] 24. 250 additional shares are 


required. [6.6B] 25. The rate of the plane in still air is 200 mph. The rate of the wind is 40 mph. [8.4A] 26. The 
student must receive a score of 77 or above. [9.2C] 27. The integer is —-Sor5. [11.5A] 28. The rate for the last 8 mi 
was 4mph. [11.5A] 29. 


[11.4A] 


FINAL EXAM 


15 
ib eh, |fileis3) 7H, (3) [il PAB ok, =f) qi Likesys\ 47 ees | 5. ey (2.1A] 6. 9x + 6y [2.2A] 


Th; (oye ||P P83] Sie OKa 20222) cE = Si) WSO] (KO, = 2) (LS: 35185) 11. 12.5% [1.4B] 1 2tele 2am Sal] 
4 
13. —3x? = 3x +8 [4.1B] 14. 81x*y'? [4.2B] 15. 6x? + 1x? = 74116. [4:3B] 16. — [4.4A] 


we) 
Ags ora. 4x? — 2 [4.5A] 18. 5x — 12 + 
y x 


4y° 3 
B 9. — [4.4A 20. — [7.1D 
en [4.5B] 1 a [4.4A] 0 4 [ ] 


72i\. (Ge = (oes ae iN) SAN 72), (848 a 2s = 3) |SBVN 78}, Ay — ie = 33) [3384] 


1 
24. (5x — 4)(5x + 4) [5.4A] 25. 2(a + 3)(4 —x) [5.1B] 26. 3y(5 — 2x)(5 + 2x) [5.4B] 27. 5 and 3 [5.5A] 


2(x + 1) —3x* +x -— 25 x? — 2x a 
——— = ; 30. 6.4A ahh, 74 |Weoyv\ 32, a—b |6.7A) 
28. a [6.1B] 29 (x — 5) + 3) [6.3B] ae [ ] [ ] [ 


33. 5 [7.3B] 34. y= - 55 2) 4A) 6 S5.0(6917) [8 2Al o036! Onais[SGAlm ars7evee 3 119 2A] 


38. y => [9.3A] 39. 7x? [10.1B] 40. 38V3a [10.2A] 41. V15+2V3 [10.3B] 42.2 [10.4A] 


1+V5 1-V5 
4 and i 


value is $3000. [3.1D] 47. The markup rate is 65%. [3.2B] 48. An additional $6000 must be invested. [8.2B] 
49. The mixture costs $3 per pound. [3.6A] 50. The percent concentration of the acid in the mixture is 36%. [3.6B] 


A3. =| and > feet VAN 44. [11.3A] ADMD iets (ee) oe =O 2S Bi 46. The original 


51. In the first hour, the plane flew 215 km. [3.6C] 52. The measures of the angles are 50°, 60°, and 70°. [3.5C] 

53. The integer is 4 or —4. [11.5A] 54. The length is 10 m. The width is 5m. [5.5B] 55. Sixteen ounces of dye are 
required for 120 oz of base paint. [6.6B] 56. Working together, it would take 0.6 h to prepare the dinner. [6.8A] 

57. The rate of the boat in calm water is 15 mph. The rate of the current is 5 mph. [8.4A] 58. The rate of the wind is 


25 mph. [11.5A] 59. y 60. 


> 


eet [7.3C] iW [11.4A] 
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Glossary 


abscissa The first number in an ordered pair. It measures 
a horizontal distance and is also called the first coordi- 
nate. (Sec. 7.1) 


absolute value of a number The distance of the number 
from zero on the number line. (Sec. 1.1) 


acute angle An angle whose measure is between 0° and 
S0za(Seei3!5) 


addend In addition, a number being added. (Sec. 1.2) 


addition The process of finding the total of two numbers. 
(Sec. 1.2) 


addition method An algebraic method of finding an exact 
solution of a system of linear equations. (Sec. 8.3) 


additive inverses Numbers that are the same distance 
from zero on the number line, but on opposite sides; also 
called opposites. (Sec. 1.1, 2.2) 


adjacent angles Two angles that share a common side. 
(Sec. 3.5) 

alternate exterior angles Two angles that are on opposite 
sides of the transversal and outside the parallel lines. 
(Sec. 3.5) 

alternate interior angles Two angles that are on opposite 
sides of the transversal and between the parallel lines. 
(Sec. 3.5) 

analytic geometry Geometry in which a coordinate sys- 
tem is used to study the relationships between variables. 
(Sec. 7.1) 

arithmetic mean of values Average determined by calcu- 
lating the sum of the values and then dividing that result 
by the number of values. (Sec. 1.3) 

axes The two number lines that form a rectangular coordi- 
nate system; also called coordinate axes. (Sec. 7.1) 

base In exponential notation, the factor that is multiplied 
the number of times shown by the exponent. (Sec. 1.5) 


basic percent equation Percent times base equals 


amount. (Sec. 3.1) 
binomial A polynomial of two terms. (Sec. 4.1) 
clearing denominators Removing denominators from an 


equation that contains fractions by multiplying each side 
of the equation by the LCM of the denominators. 


(Sec. 6.5) 
coefficient The number part of a variable term. (Sec. 2.1) 
combining like terms Using the Distributive Property to 
add the coefficients of like variable terms; adding like 
terms of a variable expression. (Sec. 2.2) 
complementary angles Two angles whose sum is 90°. 
(Sec. 3.5) 
completing the square Adding to a binomial the constant 
term that makes it a perfect-square trinomial. (Sec. 11.2) 


complex fraction A fraction whose numerator or denomi- 
nator contains one or more fractions. (Sec. 6.4) 


conjugates Binomial expressions that differ only in the 


sign of a term. The expressions a + b anda — b are con- 
jugates. (Sec. 10.3) 


consecutive even integers Even integers that follow one 
another in order. (Sec. 3.4) 


consecutive integers Integers that follow one another in 
order. (Sec. 3.4) 


consecutive odd integers Odd integers that follow one 
another in order. (Sec. 3.4) 


constant term A term that includes no variable part; also 
called a constant. (Sec. 2.1) 


coordinate axes The two number lines that form a rectan- 
gular coordinate system; also simply called axes. 
(Sec. 7.1) 


coordinates of a point The numbers in an ordered pair 
that is associated with a point. (Sec. 7.1) 


corresponding angles Two angles that are on the same 
side of the transversal and are both acute angles or are 
both obtuse angles. (Sec. 3.5) 


cost The price that a business pays for a product. (Sec. 3.2) 
decimal notation Notation in which a number consists of 


a whole-number part, a decimal point, and a decimal 
part. (Sec. 1.4) 


degree A unit used to measure angles. (Sec. 3.5) 


degree of a polynomial in one variable The largest expo- 
nent that appears on the variable. (Sec. 4.1) 


dependent system of equations A system of equations 
that has an infinite number of solutions. (Sec. 8.1) 


dependent variable In a function, the variable whose 
value depends on the value of another variable known as 
the independent variable. (Sec. 7.1) 

descending order The terms of a polynomial in one 
variable arranged so that the exponents on the vari- 
able decrease from left to right. The polynomial 
9x° — 2x4 + 7x3 + x? — 8x +1 is in descending order. 
(Sec. 4.1) 

discount The amount by which a retailer reduces the reg- 
ular price of a product for a promotional sale. (Sec. 3.2) 


discount rate The percent of the regular price that the dis- 
count represents. (Sec. 3.2) 


domain The set of first coordinates of the ordered pairs in 
a relation. (Sec. 7.1) 


element of a set One of the objects in a set. (Sec. 1.1, 9.1) 


empty set The set that contains no elements; also called 
the null set. (Sec. 9.1) 


equation A statement of the equality of two mathematical 
expressions. (Sec. 3.1) 

equilateral triangle A triangle in which all three sides are 
of equal length. (Sec. 3.5) 


equivalent equations Equations that have the same solu- 
tion. (Sec. 3.1) 


G2 Glossary 


evaluating a function Replacing x in f(x) with some value 
and then simplifying the numerical expression that 
results. (Sec. 7.1) 


evaluating a variable expression Replacing each variable 
by its value and then simplifying the resulting numerical 
expression. (Sec. 2.1) 


even integer An integer that is divisible by 2. (Sec. 3.4) 


exponent In exponential notation, the elevated number 
that indicates how many times the base occurs in the 
multiplication. (Sec. 1.5) 


exponential form The expression 2° is in exponential 
form. Compare factored form. (Sec. 1.5) 


factor In multiplication, a number being multiplied. 
(Sec. 1.3) 


factor a polynomial To write the polynomial as a product 
of other polynomials. (Sec. 5.1) 


factor a trinomial of the form x? + bx + c To express the 
trinomial as the product of two binomials. (Sec. 5.1) 


factored form The expression 2 - 2 - 2: 2 - 2 is in factored 
form. Compare exponential form. (Sec. 1.5) 


first coordinate The first number in an ordered pair. It 
measures a horizontal distance and is also called the 
abscissa. (Sec. 7.1) 


FOIL A method of finding the product of two binomials; 
the letters stand for First, Outer, Inner, and Last. 
(Sec. 4.3) 


formula A literal equation that states rules about 
measurements. (Sec. 6.7) 


function A relation in which no two ordered pairs that 
have the same first coordinate have different second 
coordinates. (Sec. 7.1) 


functional notation A function designated by f(x), which 
is the value of the function at x. (Sec. 7.1) 


graph of a relation The graph of the ordered pairs that 
belong to the relation. (Sec. 7.1) 


graph of an equation in two variables A graph of the 
ordered-pair solutions of the equation. (Sec. 7.2) 


graph of an integer A heavy dot directly above that num- 
ber on the number line. (Sec. 1.1) 


graph of an ordered pair The dot drawn at the coordi- 
nates of the point in the plane. (Sec. 7.1) 


graphing a point in the plane Placing a dot at the location 
given by the ordered pair; also called plotting a point in 
the plane. (Sec. 7.1) 


greater than A number a is greater than another number 
b, written a > b, if a is to the right of b on the number 
line. (Sec. 1.1) 


greater than or equal to The symbol = means “is greater 
than or equal to.” (Sec. 1.1) 


greatest common factor The greatest common factor 
(GCF) of two or more integers is the greatest integer that 
is a factor of all the integers. The greatest common factor 
of two or more monomials is the product of the GCF of 
the coefficients and the common variable factors. (Sec. 5.1) 


half-plane The solution set of an inequality in two vari- 
ables. (Sec. 9.4) 


hypotenuse In a right triangle, the side opposite the 90° 
angle. (Sec. 10.4) 


inconsistent system of equations A system of equations 
that has no solution. (Sec. 8.1) 


independent system of equations A system of equations 
that has one solution. (Sec. 8.1) 


independent variable In a function, the variable that 
varies independently and whose value determines the 
value of the dependent variable. (Sec. 7.1) 


inequality An expression that contains the symbol >, <, = 
(is greater than or equal to), or = (is less than or equal to). 
(Sec. 9.1) 


integers The numbers ..., —3, 
(Sec 1.1) 


intersection of sets A and B The set that contains the ele- 
ments that are common to both A and B. (Sec. 9.1) 


emily (OR I, A, BS oan 


irrational number The decimal representation of an irra- 
tional number never repeats or terminates and can only 
be approximated. (Sec. 1.4, 10.1) 


isosceles triangle A triangle that has two equal angles and 
two equal sides. (Sec. 3.5) 


least common denominator The smallest number that is 
a multiple of each denominator in question. (Sec. 1.4) 


least common multiple (LCM) The LCM of two or more 
numbers is the smallest number that contains the prime 
factorization of each number. The LCM of two or more 
polynomials is the polynomial of least degree that con- 
tains the factors of each polynomial. (Sec. 1.4, 6.2) 


less than A number a is less than another number b, writ- 
ten a <b, if a is to the left of b on the number line. 
(Sec. 1.1) 


less than or equal to The symbol = means “is less than or 
equal to”. (Sec. 1.1) 


like terms Terms of a variable expression that have the 
same variable part. (Sec. 2.2) 


line of best fit A line drawn to approximate data that are 
graphed as points in a coordinate system. (Sec. 7.4) 


linear equation in two variables An equation of the form 
y = mx +b, where m and b are constants; also called a 
linear function. (Sec. 7.2) 


linear function An equation of the form y = mx +b, 
where m and b are constants; also called a linear equation 
in two variables. (Sec. 7.2) 


linear model A first-degree equation that is used to 
describe a relationship between quantities. (Sec. 7.4) 


literal equation An equation that contains more than one 
variable. (Sec. 6.7) 


markdown The amount by which a retailer reduces the 


regular price of a product for a promotional sale. 
(Sec. 3.2) 


markup The difference between selling price and cost. 
(Sec. 3.2) 


markup rate The percent of retailer’s cost that the markup 
represents. (Sec. 3.2) 


monomial A number, a variable, or a product of numbers 
and variables; a polynomial of one term. (Sec. 4.1) 


AN] ssi lata acoso 
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multiplicative inverse of a number The reciprocal of a 
number. (Sec. 2.2) 


natural numbers The numbers 1, 2, 3, .... (Sec. 1.1) 


negative integers The numbers ..., —4, —3, —2, —1. 


(Sec. 1.1) 


negative slope A property of a line that slants downward 
to the right. (Sec. 7.3) 


nonfactorable over the integers A polynomial that does 
not factor using only integers. (Sec. 5.2) 


null set The set that contains no elements; also called the 
empty set. (Sec. 9.1) 

numerical coefficient The number part of a variable term. 
When the numerical coefficient is 1 or —1, the 1 is usually 
not written. (Sec. 2.1) 


obtuse angle An angle whose measure is between 90° and 
OS (Gee, 35) 


odd integer An integer that is not divisible by 2. (Sec. 3.4) 


opposite of a polynomial The polynomial created when 
the sign of each term of the original polynomial is 
changed. (Sec. 4.1) 

opposites Numbers that are the same distance from zero 
on the number line, but on opposite sides; also called 
additive inverses. (Sec. 1.1) 

ordered pair Pair of numbers, such as (a, b) that can be 
used to identify a point in the plane determined by the 
axes of a rectangular coordinate system. (Sec. 7.1) 

Order of Operations Agreement A set of rules that tell us 
in what order to perform the operations that occur in a 
numerical expression. (Sec. 1.6) 

ordinate The second number in an ordered pair. It mea- 
sures a vertical distance and is also called the second 
coordinate. (Sec. 7.1) 

origin The point of intersection of the two coordinate axes 
that form a rectangular coordinate system. (Sec. 7.1) 


parabola The graph of a quadratic equation in two 
variables. (Sec. 11.4) 


parallel lines Lines that never meet; the distance between 
them is always the same. (Sec. 3.5) 

percent Parts of 100. (Sec. 1.4) 

perfect square The square of an integer (Sec. 10.1) 


perfect-square trinomial A trinomial that is a product of 
a binomial and itself. (Sec. 5.4) 

perimeter The distance around a plane geometric figure. 
(Sec. 3.5) 

perpendicular lines Intersecting lines that form right 
angles. (Sec. 3.5) 

plane Flat surface determined by the intersection of two 
lines. (Sec. 7.1) 

plotting a point in the plane Placing a dot at the location 
given by the ordered pair; also called graphing a point in 
the plane. (Sec. 7.1) 

point-slope formula If (x), y:) is a point on a line with 
slope m, then y — y; = m(x — x), (Sec. 7.4) 

polynomial A variable expression in which the terms are 
monomials. (Sec. 4.1) 


Glossary G3 


positive integers The integers, 1, 2, 3, 4, .... (Sec. 1.1) 


positive slope A property of a line that slants upward to 
the right. (Sec. 7.3) 


prime polynomial A polynomial that is nonfactorable over 
the integers. (Sec. 5.2) 


principal square root The positive square root of a 
number. (Sec. 10.1) 


product In multiplication, the result of multiplying two 
numbers. (Sec. 1.3) 


proportion An equation that states the equality of two 
ratios or rates. (Sec. 6.6) 


Pythagorean Theorem The square of the hypotenuse of a 
right triangle is equal to the sum of the squares of the two 
legs. (Sec. 10.4) 


quadrant One of the four regions into which the two axes 
of a rectangular coordinate system divide the plane. 
(Sec. 7.1) 


quadratic equation An equation of the form 
ax’? + bx +c =0, where a, b, and c are constants and a is 
not equal to zero; also called a second-degree equation. 
(See, S55 Wile) 


quadratic equation in two variables An equation of the 
form y = ax’? + bx +c, where a is not equal to zero. 
(Sec. 11.4) 


quadratic function A quadratic function is given by 
f(x) = ax? + bx + c, where a is not equal to zero. (Sec. 11.4) 


radical The symbol V_, which is used to indicate the pos- 
itive, or principal, square root of a number. (Sec. 10.1) 


radical equation An equation that contains a variable 
expression in a radicand. (Sec. 10.4) 


radicand In a radical expression, the expression under the 
radical sign. (Sec. 10.1) 


range The set of second coordinates of the ordered pairs in 
a relation. (Sec. 7.1) 


rate The quotient of two quantities that have different 
units. (Sec. 6.6) 


rate of work That part of a task that is completed in one 
unit of time. (Sec. 6.8) 


ratio The quotient of two quantities that have the same 
unit. (Sec. 6.6) 


rational expression A fraction in which the numerator or 
denominator is a polynomial. (Sec. 6.1) 


rational number A number that can be written in the form 
a/b where a and b are integers and b is not equal to zero. 
(Sec. 1.4) 


rationalizing the denominator The procedure used to 
remove a radical from the denominator of a fraction. 
(Sec. 10.3) 


real numbers The rational numbers and the irrational 
numbers. (Sec. 1.4) 


reciprocal Interchanging the numerator and denominator 
of a rational number yields that number's reciprocal. 
(SECeZ 2 Onl) 


rectangular coordinate system System formed by two 
number lines, one horizontal and one vertical, that inter- 
sect at the zero point of each line. (Sec. 7.1) 


G4 Glossary 


relation Any set of ordered pairs. (Sec. 7.1) 


repeating decimal Decimal that is formed when dividing 
the numerator of its fractional counterpart by the denom- 
inator results in a decimal part wherein a block of digits 
repeats infinitely. (Sec. 1.4) 


right angle An angle whose measure is 90 degrees. 
(Gee, 3.5) 


roster method Method of writing a set by enclosing a list 
of the elements in braces. (Sec. 1.1, 9.1) 


scatter diagram A graph of collected data as points in a 
coordinate system. (Sec. 7.4) 


scientific notation Notation in which each number is 
expressed as the product of two factors, one a number 
between 1 and 10 and the other a power of ten. (Sec. 4.4) 


second coordinate The second number in an ordered pair. 
It measures a vertical distance and is also called the 
ordinate. (Sec. 7.1) 


second-degree equation An equation of the form 
ax? + bx + c = 0, wherea, b, andc are constants and a is 
not equal to zero; also called a quadratic equation. 
(Sec. 11.1) 


selling price The price for which a business sells a product 
to a customer. (Sec. 3.2) 


set A collection of objects. (Sec. 1.1, 9.1) 


set-builder notation A method of designating a set that 
makes use of a variable and a certain property that only 
elements of that set possess. (Sec. 9.1) 


similar objects Similar objects have the same shape but 
not necessarily the same size. (Sec. 6.6) 


simplest form of a fraction A fraction is in simplest form 
when there are no common factors in the numerator and 
the denominator. (Sec. 1.4) 


simplest form of a rational expression A rational expres- 
sion is in simplest form when the numerator and denom- 
inator have no common factors. (Sec. 6.1) 


slope The measure of the-slant of a line. The symbol for 
slope is m. (Sec. 7.3) 


slope-intercept form The slope-intercept form of an equa- 
tion of a straight line is y = mx + b. (Sec. 7.3) 


solution of a system of equations in two variables An 
ordered pair that is a solution of each equation of the 
system. (Sec. 8.1) 


solution of an equation A number that, when substituted 
for the variable, results in a true equation. (Sec. 3.1) 


solution of an equation in two variables An ordered pair 
whose coordinates make the equation a true statement. 
(Sec. 7.1) 


solution set of an inequality A set of numbers, each ele- 
ment of which, when substituted for the variable, results 
in a true inequality. (Sec. 9.2) 


solving an equation Finding a solution of the equation. 
(Sec. 3.1) 


square root A square root of a positive number x is a num- 
ber a for which a* = x. (Sec. 10.1) 


standard form A quadratic equation is in standard 
form when the polynomial is in descending order and 
equal to zero. ax? + bx +c =0 is in standard form. 


(Seca apa lital) 


straight angle An angle whose measure is 180 degrees. 
(Sec. 3.5) 


substitution method An algebraic method of finding an 
exact solution of a system of equations. (Sec. 8.2) 


sum In addition, the total of two or more numbers. 
(Sec. 1.2) 


supplementary angles Two angles whose sum is 180°. 
(Sec. 3.5) 


system of equations Equations that are considered 
together. (Sec. 8.1) 


terminating decimal Decimal that is formed when divid- 
ing the numerator of its fractional counterpart by the 
denominator results in a remainder of zero. (Sec. 1.4) 


terms of a variable expression The addends of the expres- 
sion. (Sec. 2.1) 


transversal A line intersecting two other lines at two dif- 
ferent points. (Sec. 3.5) 


triangle A three-sided closed figure. (Sec. 3.5) 
trinomial A polynomial of three terms. (Sec. 4.1) 
undefined slope A property of a vertical line. (Sec. 7.3) 


uniform motion The motion of a moving object whose 
speed and direction do not change. (Sec. 3.6, 6.8) 


union of sets A and B The set that contains all the ele- 
ments of A and all the elements of B. (Sec. 9.1) 


value of the variable The number assigned to the variable. 
(Sec. 2.1) 


variable A letter of the alphabet used to stand for a num- 
ber that is unknown or that can change. (Sec. 1.1) 


variable expression An expression that contains one or 
more variables. (Sec. 2.1) 


variable part In a variable term, the variable or variables 
and their exponents. (Sec. 2.1) 


variable term A term composed of a numerical coefficient 
and a variable part. (Sec. 2.1) 


vertical angles Two angles that are on opposite sides of the 
intersection of two lines. (Sec. 3.5) 


x-coordinate The abscissa in an xy-coordinate system. 
(Sec: 7.1) 


x-intercept The point at which a graph crosses the x-axis. 
(Secs 73) 


xy-coordinate system A rectangular coordinate system in 
which the horizontal axis is labeled x and the vertical axis 
is labeled y. (Sec. 7.1) 


y-coordinate The ordinate in an xy-coordinate system. 
(Sec. 7.1) 


y-intercept The point at which a graph crosses the y-axis. 
(Sec: 7.3) 


zero slope A property of a horizontal line. (Sec. 7.3) 
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index 


Abscissa, 315 
Absolute value, 5-6 
Absolute value function, 322 
Abundant number, 397 
Acute angle, 127 
Addend, 9 
Addition 
of additive inverses, 58 
Associative Property of, 57 
Commutative Property of, 58 
of decimals, 27 
Distributive Property, 57 
of integers, 9-10 
Inverse Property of, 58 
of polynomials, 163 
of radical expressions, 449 
of rational expressions, 267-268 
of rational numbers, 26-27 
verbal phrases for, 67 
Addition method of solving systems of 
equations, 385-387 
Addition Property of Equations, 88 
Addition Property of Inequalities, 415 
Addition Property of Zero, 58 
Additive inverse, 5, 58 
Adjacent angles, 128 
Algebraic fraction(s), see Rational 
expression(s) 
Algebraic symbolism, 476 
Al-Khwarisimi, 503-504 
Alternate exterior angles, 129 
Alternate interior angles, 129 
Analytic geometry, 315 
Angles, 127 
Application problems 
angles, 127-131 
area, 174 
average, 20, 432 
break-even point, 115, 294 
current or rate of wind, 391 
distance (rate, time), 143, 297, 497 
exchange rates, 35 
factoring, 237-238 
geometry, 125-131, 174, 498 
inequalities, 418, 424 
integers, 12, 20, 117-119, 237 
investment, 379 
levers, 112 
linear equations, 332 
line of best fit, 350 
markup and discount, 100-101 
mixture, 139, 141 
motion, 143, 297, 497 
moving average, 20 
percent, 30, 91-92 
percent mixture, 141 
perimeter, 125-126 
proportion, 284 
Pythagorean Theorem, 462 


quadratic equations, 237-238, 497, 
501 
radical equations, 462, 467 
rate of wind or current, 391 
rational numbers, 30 
slope, 339-340 
systems of equations, 379, 391-393 
translating into equations and 
solving, 119-120 
triangles, 131, 285-286, 462 
uniform motion, 143, 297, 497 
value mixture, 139 
work, 195, 498 
Archimedes, 408 
Area problems, 174 
Arithmetic mean, 20, 432 
Associative Property of Addition, 57 
Associative Property of Multiplication, 
59 
Average, 20, 432 
Axes, 315 


Babylonian mathematics, 204, 442 
Base 

in exponential expression, 37 

in percent equation, 91 
Basic percent equation, 91 
Binomial factors, 207 
Binomial(s), 163 

multiplication of, 172-173 

square of a, 173, 227, 480, 483 
Break-even point, 115, 294 


Calculators 
graphing linear equations with, 356 
graphing quadratic equations with, 
502 
plus/minus key, 44 
polynomial evaluation, 244 
solving systems of equations with, 
398-400 
Chapter Review, 47, 79, 155, 197, 247, 
307, 359, 401, 435, 469, 505 
Chapter Summary, 45, 78, 153, 195, 
246, 306, 358, 400, 434, 468, 504 
Chapter Test, 49, 81, 157, 199, 249, 
309, 361, 403, 437, 471, 507 
Circle, area of, 174 
Circumference of Earth, 254 
Clearing denominators, 279 
Coefficient, 53 
Combining like terms, 57 
Common denominator, 26 
least common multiple, 26 
Common factor, 205 
Commutative Property of Addition, 58 
Commutative Property of 
Multiplication, 59 
Complementary angles, 127 


Completing the square, 483 
geometric method, 503-504 
quadratic formula derivation, 489 
solving quadratic equations by, 

483-484 

Complex fraction, 275 

Composite number, 77 

Conditional equation, 124 

Conjugate, 453 

Consecutive integers, 117 

Constant, 53 

Constant term, 53 
of a perfect-square trinomial, 483 

Contradiction, 124 

Coordinate axes, 315 

Coordinates, 315 

Coordinate system, rectangular, 315 

Corresponding angles, 129 

Cost, 100 

Counterexamples, 355 

Cryptology, 86 

Cube, of a variable, 67 

Cumulative Review, 83, 159, 201, 251, 

311, 363, 405, 439, 473, 509 

Current or rate-of-wind problems, 

391 


Decimal(s), 24 
and fractions, 24 
operations on, 27, 28-29 
and percent, 25 
repeating, 24 
representing irrational numbers, 24 
representing rational numbers, 24 
and scientific notation, 184 
terminating, 24 
Deductive reasoning, 465 
Deficient number, 397 
Degree, 127 
of a polynomial, 163 
Denominator(s) 
clearing, 279 
common, 26 
least common multiple of, 26, 263 
of rational expressions, 255 
rationalization of, 455-456 
Dependent system, 368, 369 
Dependent variable, 322 
Descartes, Rene, 315, 476 
Descending order, 163 
Difference of two squares, 227 
Dimensional analysis, 193 
Discount, 101 
Discount rate, 101 
Distance-rate problems, 143, 297, 497 
Distributive Property, 57 
FOIL method, 172 
use in simplifying expressions, 57, 
60-61, 62, 449 
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use in solving equations, 110 
use in solving inequalities, 423 


Division 


of decimals, 28-29 

exponential expressions and, 
179-183 

of integers, 18-19 

of monomials, 179-183 

one and, 19 

of polynomials, 189-190 

of radical expressions, 454-456 

of rational expressions, 258 

of rational numbers, 28-29 

and reciprocals, 28, 258 

verbal phrases for, 67 

zero and, 19 

Domain, 319 


Egyptian mathematics, 2, 162 
Element of a set, 3, 409 
symbol for, 4 
Empty set, 409 
Equals, phrases for, 117 
Equation(s), 87 
Addition Property of, 88 
basic percent, 91 
conditional, 124 
dependent, 368, 369 
equivalent, 88 
formulas, see Formula(s) 
fractional, 279 
graphs of, see Graph(s) 
identity, 124 
inconsistent, 368 
independent, 368 
linear, see Linear equations 
literal, 291 
Multiplication Property of, 89 
of parabola, 493 
containing parentheses, 110 
quadratic, see Quadratic equation(s) 
radical, 459-460 
rational, 279 
second-degree, 477 
solution of, 87, 317 
solving, see Solving equations 
squaring both sides of, 459 
systems, see Systems of equations 
translating into, from sentences, 
119-120 
in two variables, 317, 327-331 
Equilateral triangle, 125 
Equivalent equations, 88 
Eratosthenes, 76, 254 
Evaluating expressions 
absolute value, 5-6 
exponential, 37, 180, 181 


in multiplication, 167 
negative, 180 
of perfect squares, 443 
raising a power to a power, 168 
rules of, 182 
zero as, 179 

Exponential expression(s), 37 
division of, 179-183 
evaluating, 37 
factored form of, 37 
multiplication of, 167 
as repeated multiplication, 37 
simplifying, 168 

Exponential form, 37 

Expression, 53 

Exterior angle of a triangle, 131 


Factor, 17 
binomial, 207 
common binomial, 207 
common, 205 
greatest common, 205 
Factored form of an exponential 
expression, 37 
Factoring 
applications of, 237-238 
common binomial factor, 207 
common factors, 205-206 
completely, 213-214, 229 
difference of two squares, 227 
by grouping, 207, 221-222 
perfect square trinomial, 227-228 
solving equations by, 235-236, 
477-478 
trinomials, 211-214, 219-222 
Final exam, 469 


Focus on Problem Solving, 43, 75, 151, 


193, 243, 303, 355, 397, 431, 465, 
501 
FOIL method, 172 
Formula(s), 291 
discount, 101 
for distance (rate, time), 143, 297 
lever system, 112 
markdown, 101 
markup, 100 
point-slope, 348 
quadratic, 489 
simple interest, 379 
slope, 338 
two-point, 354 
Fraction(s), 23 
addition and subtraction of, 26-27 
algebraic, see Rational expression(s) 
ancient Egyptian, 2 
complex, 275 
and decimals, 24 


simplifying, 23, 255 
Fractional equations, 279 
Function(s), 319-320 

linear, 327 

quadratic, 493 
Functional notation, 322 


Geometric proofs, 204 
Geometry problems, 125-131, 174, 498 
Graph(s) 


applications of, 332, 339-340, 431 

of functions, 320, 493 

of horizontal line, 330 

of inequalities, 411-412, 427 

of integers, 3 

of linear equation in two variables, 
327-331, 337-342 

of linear functions, 327-328 

of motion, 357 

of ordered pair, 315-316 

of parabolas, 493-494 

of polynomial functions, 502 

of quadratic equations, 493-494, 502 

of relations, 319 


of systems of linear equations, 
368-369 
of vertical line, 330 
using x- and y-intercepts, 337 
Graphing calculator, 356, 399-400, 
502, 503 
Greater than, 4 
Greater than or equal to, 4, 411 
Greatest common factor (GCF), 205 
Grouping, factoring by, 207, 221-222 
Grouping symbols, 38 


Half plane, 427 
Horizontal axis, 317 
Horizontal line, 330 
Hypotenuse, 461 


Identity, 124 
Illumination intensity, 304 
Inconsistent system, 368 
Independent system, 368 
Independent variable, 322 
Inductive reasoning, 43 
Inequality(ies) 
Addition Property of, 415 
applications of, 481, 424 
graphing, 411-412, 427 


with integers, 4 

Multiplication Property of, 417 
parentheses in, 423 

solution set of, 415 

solving, see Solving inequalities 
in two variables, 427 


variable, 54 expressing in terms of a common Inequality symbols, 4, 411 
Evaluating functions, 322, 496 denominator, 264 Input-output analysis, 366 
Even integer, 117 negative exponents on, 181 Integer(s), 3 


Exponent(s), 37 
base of, 37 
in division, 179-183 
integers as, 179-183 


multiplication and division of, 
28-29, 256-258 

and percent, 25 

reciprocal of 28, 59, 258 


addition of, 9-10 
consecutive, 117 
division of, 18-19 

as exponents, 179-183 
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multiplication of, 17-18 

negative, 3 

positive, 3 

subtraction of, 10-11 
Intercepts 

graphing using, 337 

of a parabola, 496 

x- and y-, 337 
Interest, 379 
Interest rate, 379 
Interior angle of a triangle, 131 
Intersection 

point of, 368 

of sets, 409, 412 
Inverse 

additive, 5, 58 

multiplicative, 59 
Inverse Property of Addition, 58 
Inverse Property of Multiplication, 59 
Investment problems, 379 
Irrational number, 24, 443 
Isosceles triangle, 125 


Least common denominator, 27 
Least common multiple (LCM), 26, 
263 
Legs of a right triangle, 461 
Leontief, Wassily, 366 
Less than, 4 
Less than or equal to, 4, 411 
Lever problems, 112 
Like terms, 57 
Linear equation(s), 327 
applications of, 332, 339-340, 350 
graphing, 327-331, 337-342 
slope, 338 
slope-intercept form, 341 
solution of, 317 
systems of, see Systems of Equations 
in two variables, 327 
writing, given the slope and a point 
on the line, 347-348 
writing, given two points, 348-349, 
352 
x- and y- intercepts of, 337 
Linear function, 327 
Linear inequality, 427 
Linear model, 350 
Line of best fit, 350 
Line(s) 
equations of, see Linear equations 
horizontal, 339 
parallel, 128 
perpendicular, 128 
slope of, 338 
vertical, 339 
Literal equation, 291 
Lumen, 304 


Magic square, 314 
Markdown, 101 
Markup, 100 
Markup rate, 100 


Mean, 20, 432 
Mersenne prime, 86 
Mixture problems 
percent mixture, 141 
value mixture, 139 
Monomial(s), 163 
products of, 167 
quotients of, 179-183 
simplifying powers of, 168 
Motion problems, 143, 297, 497 
graphs of, 357 
Moving average, 20, 44 
Multiple, least common, 26 
Multiplication 
Associative Property of, 59 
of binomials, 172-173 
Commutative Property of, 59 
of decimals, 28 
Distributive Property, 57 
of exponential expressions, 167 
FOIL method, 173 
of integers, 17-18 
Inverse Property of, 59 
of monomials, 167, 168 
by one, 59 
of polynomials, 171-173 
of radica] expressions, 453 
of rational expressions, 256-257 
of rational numbers, 28 
verbal phrases for, 67 
by zero, 235 
Multiplication Property of Equations, 
89 
Multiplication Property of Inequalities, 
417 
Multiplication Property of One, 59 
Multiplication Property of Zero, 235 
Multiplicative inverse, 59 


Natural number, 3 
Negative exponent, 180 
Negative integer, 3 
Negation, 303 
Negative square root, 444 
Nielsen ratings, 152-153 
Nonfactorable over the integers, 212 
Null set, 409 
Number line, 3 
Number(s) 
absolute value of, 5-6 
abundant, 397 
composite, 77 
deficient, 397 
integer, 3 
irrational, 24, 443 
natural, 3 
pertect, 2107397 
prime, 76 
rational, 23 
real, 24 
Numerical coefficient, 53 


Obtuse angle, 127 
Odd integer, 117 
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One 

in division, 19 

Multiplication Property of, 59 
Opposite, 5, 58 

of polynomial, 164 
Ordered pair, 315 
Order of Operations Agreement, 38-39 
Ordinate, 315 
Origin, 315 


Parabola, 493 
Parallel lines, 128 
Pascal’s triangle, 195 
Percent, 25 
Percent equation, 91 
Percent mixture problems, 141 
Perfect number, 210, 397 
Perfect square, 443 
Perfect-square trinomial, 227, 483 
Perimeter, 125-126 
Perpendicular lines, 128 
Pi, 408 
Plane, 315 
Plot an ordered pair, 315 
Point-slope formula, 348 
Polynomial(s), 163 
addition and subtraction of, 163, 164 
degree of, 163 
division of, 189-190 
factoring, see Factoring 
functions, graphing, 502 
greatest common factor of the terms 
of, 205 
least common multiple of, 263 
multiplication of, 171-173 
nonfactorable over the integers, 212 
prime, 212 
Positive integer, 3 
Power(s) 
of exponential expressions, 168 
of products, 168 
of quotients, 181 
simplifying, 168 
verbal phrases for, 37, 67 
Premise, 303 
Prime number, 76 
Prime polynomial, 212 
Principal, 379 
Principal square root, 443 
Principle of Zero Products, 235, 477 
Product Property of Square Roots, 
443 
Product(s), 17 
expressing trinomials as, 211-214, 
219-222 
of multiplicative inverses, 59 
of radical expressions, 453 
simplifying powers of, 168 
of the square of a binomial, 173 
of the sum and difference of two 
terms, 173 
of two binomials, 172-173 
of two rational expressions, 
256-257 


14 Index 


Projects and Group Activities, 44, 76, 
152, 195, 244, 304, 356, 398, 432, 
466, 502 

Property(ies) 

Associative 

of Addition, 57 

of Multiplication, 59 
Commutative 

of Addition, 58 

of Multiplication, 59 
Distributive, 57 
in division, 19 
of Equations, 

Addition, 88 

Multiplication, 89 
of Inequalities 

of Addition, 415 

of Multiplication, 417 
Inverse, of Addition, 58 
Inverse, of Multiplication, 59 
of One, Multiplication, 59 
Product, of Square Roots, 443 
Quotient, of Square Roots, 454 
Square Root, of an Equality, 479 
of Squaring Both Sides of an 

Equation, 459 
of Zero, 58, 235 

Proportion, 283 
applications of, 284 
Pythagorean Theorem, 461 


Quadrant, 315 
Quadratic equation(s), 235, 477 
applications of, 237-238 
approximating solutions of by 
graphing, 502 
graphing, 493-494 
solving 
by completing the square, 
483-484 
by factoring, 235-236, 477-478 
by quadratic formula, 489-490 
by taking square roots, 479-480 
standard form, 235, 477 
Quadratic formula, 489 
Quadratic function, 493 
Quantifier, 303 
Quotient Property of Square Roots, 
454 


Radical, 443 

Radical equation, 459 

Radical expression(s) 
addition and subtraction of, 449 
applications of, 462, 467 
division of, 454-456 
multiplication of, 453 
radicand of, 443 
rationalizing denominators of, 

455-456 

simplest form of, 443 
simplifying, 443-446 

Radicand, 443 

Range, 319 


Rate 
interest, 379 
markdown, 101 
markup, 100 
motion problems, 143, 297, 497 
in proportions, 283 
in work problems, 295 
Rate-of-wind or current problems, 
391 
Ratio, 283 
Rational expression(s), 255 


addition and subtraction of, 267-268 


expressing in terms of a common 
denominator, 264 
multiplication and division of, 
256-258 
simplifying, 255 
solving equations containing, 279 
Rationalizing a denominator, 455-456 
Rational number(s), 23 
addition and subtraction of, 26-27 
decimal notation for, 24 


multiplication and division of, 28-29 


Real number(s), 24 
Properties of, 57-59 
Reciprocal(s), 28, 59, 258 
and division, 28, 258 
of rational expressions, 258 
Rectangle 
area of, 174 
perimeter of, 125 
Rectangular coordinate system, 315 
Relation, 319 
Repeating decimal, 24 
Rhind papyrus, 2, 162, 408 
Right angle, 127 
Right triangle, 461 
Roster method, 3, 409 
Rule for Dividing Exponential 
Expressions, 181 
Rule for Multiplying Exponential 
Expressions, 167 
Rule of Negative Exponents on 
Fractional Expressions, 181 
Rule for Simplifying Powers of 
Exponential Expressions, 168 
Rule for Simplifying Powers of 
Products, 168 
Rule for Simplifying Powers of 
Quotients, 181 
Rules of exponents, 182 


Scatter diagrams, 350 
Scientific notation, 184 
Second-degree equation, 477 
Selling price, 100 
Set(s), 3 
element of, 3, 409 
empty, 409 
intersection of, 409, 412 
null, 409 
of ordered pairs, 319 
solution, 415 
union of, 409, 411 


writing 
using roster method, 3 
using set-builder notation, 410 
Set-builder notation, 410 
Sieve of Eratosthenes, 76 
Similar objects, 284 
Similar triangles, 284-286 
Simple interest, 379 
Simplest form 
of an exponential expression, 180 
of a fraction, 23 
of a radical expression, 443, 445, 455 
of a rate, 283 
of a ratio, 283 
of a rational expression, 255 
Simplifying 
exponential expressions, 167, 168, 
179-183 
fractions, 23 
radical expressions, 443-446, 
453-456 
rational expressions, 255 
variable expressions, 57-62 
Slope-intercept form of linear 
equation, 341 
Slope of a line, 338 
applications of, 339-340 
formula for, 338 
of horizontal line, 339 
of vertical line, 339 
Solution(s) 
of equations, 87, 317 
of inequalities, see Solution set of an 
inequality 
of quadratic equation, see Quadratic 
equation(s) 
of system of equations, 367 
approximations of, 399-400 
Solution set of an inequality, 415 
Solving equations 
using the Addition Property, 88-89, 
99, 109 
by factoring, 235-236, 477-478 
first-degree, 88-90, 99, 109-110 
using formulas, 100-101, 112 
fractional, 279 
literal, 291 
using the Multiplication Property, 
89-90, 99, 109 
containing parentheses, 110 
proportions, 283 
quadratic, see Quadratic equation(s) 
containing radical expressions, 
459-460 
rational, 279 
systems of, see Systems of equations 
Solving inequalities 
using the Addition Property, 
415-416, 423 
applications of, 418 
using the Multiplication Property, 
416-417, 423 
containing parentheses, 423 
Solving proportions, 283 
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Square, 125 
of a binomial, 173, 227 
of an integer, 443 
perfect, trinomial, 227 
perimeter of, 125 
of a variable, 67 
Square root(s), 443 
of negative numbers, 444 
of a perfect square, 443 
principal, 443 
table of, 442 


taking, in solving equations, 479-480 


Square Root Property of an Equality, 
479 
Standard deviation, 432-433 


Standard form of a quadratic equation, 


235, 477 
Straight angle, 127 
Substitution method for solving 
systems of equations, 375-577 
Subtraction 
of decimals, 27 
of integers, 10-11 
of polynomials, 164 
of radical expressions, 449 
of rational expressions, 267-268 
of rational numbers, 26-27 
verbal phrases for, 67 
Sum, 9 


Sum and difference of two terms, 173, 


227 
Supplementary angles, 127 
Symbols 
is an element of, 4 
is greater than, 4 
is greater than or equal to, 4, 411 
is less than, 4 
is less than or equal to, 4, 411 
is not equal to, 19 
Systems of equations, 367 
applications of, 379, 391-393 


dependent, 368, 369 
inconsistent, 368 
independent, 368 
solution of, 367 
solving 
by addition method, 385-387 
using a calculator, 398-400 
by graphing, 368-369 
by substitution method, 375-377 


Terminating decimal, 24 
Term(s), 53 
coefficient of, 53 
combining like, 57 
constant, 53 
like, 57 
Transversal, 129 
Translating sentences into equations, 
119-120 
Translating verbal expressions into 
variable expressions, 67-70 
Trial and error, 151 
Triangle(s), 131 
equilateral, 125 
exterior angle of, 131 
interior angle of, 131 
isosceles, 125 
perimeter of, 125 
right, 461 
similar, 284-286 
Trinomial, 163 
factoring, 211-214, 219-222 
perfect-square, 227, 483 
Turning points, 502 
Two-point formula, 354 


Uniform motion problems, 141, 297, 
497 

Union, of sets, 409, 411 

Unit fraction, 2 
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Value of a function, 322 
Value mixture problems, 139 
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independent, 322 
history of, 52 
Variable expression(s), 53 
evaluating, 54 
like terms of, 57 
simplifying, 57-62 
translating into, from verbal 
expressions, 67-70 
Variable part of a variable term, 53 
Variable term, 53 
Verbal expressions, translating into 
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Work problems, 295, 498 


x-axis, 317 

x-coordinate, 317 
x-intercept, 337, 496 
xy-coordinate system, 317 


y-axis, 317 
y-coordinate, 317 
y-intercept, 337 


Zero(s) 
absolute value of, 6 
Addition Property of, 58 
in the denominator of a 
rational expression, 255 
division and, 19 
as an exponent, 179 
as an integer, 3 
Multiplication Property of, 235 
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Preface 


Many students have difficulty in mathematics; 
in fact, math is considered one of the most difficult 
subjects in college. Although other students may not 
find it as difficult, it still takes them many homework 
hours to understand it. Most students do not know 
that 25 percent of their math grade is based on affec- 
tive characteristics, such as math study skills. How- 
ever, most students are never taught math study skills. 
In any case, these students need to pass their math 
course to graduate. 

What kind of assistance do most students 
want? Students want tips and procedures they can 
use to help them improve their math grades. The math 
study suggestions, however, have to be based on re- 
search and be statistically proven to improve student 
learning and grades. Math Study Skills Workbook 
is based on Winning at Math: Your Guide to Learn- 
ing Mathematics Through Successful Study Skills 
(1997), which is the only math study skills text that 


can boast statistical evidence demonstrating an im- 
provement in students’ ability to learn math and 
make better grades. Learning and using these study 
skills techniques will improve your grades. 

Math Study Skills Workbook is designed to 
supplement your math course or study skills course 
or to be used as part of a math anxiety workshop. 
The workbook is designed for independent work or 
to be supplemented by lectures. To gain the most 
benefit, the workbook needs to be completed by mid- 
term. 

This workbook is designed to enhance learn- 
ing by teaching math learning skills in small “chunks.” 
After each chapter section, you are required to re- 
call the most important information by writing it 
down. The writing exercises are especially designed 
for you to personalize learning techniques, such as 
the ten steps to better test taking. Each chapter re- 
view is designed to reinforce your learning and to 
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give you the opportunity to immediately select and 
use the best learning strategy from that chapter. Lec- 
ture Notes pages have been added, where possible, 
to allow you to include your notes in this workbook. 


Remember: To get the most benefit, you 
must complete this workbook and be using 
these learning techniques by midterm. 


Chapter 1 


What You 
Need to Know 
to Study Math 


Mathematics (math) courses are not like other 
courses. Because they are different, they require dif- 
ferent study procedures. Passing most of your other 
courses requires only that you read, understand, and 
recall the subject material. To pass math, however, an 
extra step is required: You must use the information 
you have learned to correctly solve math problems. 

Learning general study skills can help you pass 
most of your courses. But special math study skills are 
needed to help you learn more and get better grades in 
math. In this chapter, you will find out 


— why learning math is different from learning 
other subjects, 

— what the differences are between high school 
and college math, and 

— why your first math test is very important. 


Why learning math is different 
from learning other subjects 


In a math course, you must be able to do three things: 


1. Understand the material 

2. Process the material 

3. Apply what you have learned to correctly solve 
a problem. 


Of these three tasks, applying what you have 
learned to correctly solve a problem is the hardest. 


Examples: Political science courses require that 
you learn about politics and public service. But 
your instructor will not make you run for gover- 
nor to pass the course. Psychology courses re- 


quire you to understand the concepts of different 
psychology theories. But you will not have to help 
a patient overcome depression to pass the course. 
In math, however, you must be able to correctly 
solve problems to pass the course. 


Sequential Learning Pattern 


Another reason learning math is different 
from learning other subjects is that it follows a 
sequential learning pattern, which simply means 
that the material learned on one day is used the 
next day and the next day, and so forth. This build- 
ing-block approach to learning math is the reason it 
is difficult to catch up when you fall behind. All build- 
ing blocks must be included to be successful in learn- 
ing math. 

You can compare learning math to building a 
house. Like a house, which must be built foundation 
first, walls second, and roof last, math must be learned 
in a specific order. Just as you cannot build a house 
roof first, you cannot learn to solve complex problems 
without first learning to solve simple ones. 


Example: Ina history class, if you study Chap- 
ters 1 and 2, do not understand Chapter 3, and 
end up studying and having a test on Chapter 
4, youcould pass. Understanding Chapter 4 in 


history is not totally based on comprehending 
Chapters 1, 2, and 3. To succeed in math, how- 
ever, each previous chapter has to be com- 
pletely understood before you can continue to 
the next chapter. 


Sequential learning affects your ability to study 
for math tests, as well. If you study Chapter 1 and un- 
derstand it, study Chapter 2 and understand it, and 
study Chapter 3 and do not understand it, then when 
you study for a test on Chapter 4, you are not going 
to understand it either, and you probably will not do 
well on the test. 


Remember: To learn the new math mate- 
rial for the test on Chapter 5, you must first 
go back and learn the material in Chapter 
4. This means you will have to go back and 
learn Chapter 4 while learning Chapter 5. 
(The best of us can fall behind under these 
circumstances.) However, if you do not un- 
derstand the material in Chapter 4, you will 
not understand the material in Chapter 5 ei- 
ther, and you will fail the test on Chapter 5. 
This is why the sequential learning of math 
concepts if so important. 


The sequential learning pattern is also affected 
by 


— your previous math course grade, 
— your math placement tests scores, and 
— the time elapsed since your last math course. 


Sequential learning is influenced by how much 
math knowledge you have at the beginning of your 
course. Students who forgot or never acquired the 
necessary skills from their previous math course will 
have difficulty with their current math course. If 
you do not remember what you learned in your last 
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math course, you will have to relearn the math con- | 
cepts from the previous course as well as the new | 


material for the current course. In most other 
courses, such as the humanities, previous course 
knowledge is not required. However, in math you 
must remember what the last course taught you so 


that you are prepared for the current course. Mea-— 


suring previous course knowledge will be explained 
in Chapter 2, “How to Discover Your Math-Learning 
Strengths and Weaknesses.” 

Sequential learning is also affected by your math 
placement test scores. If you barely scored high 
enough to be placed into a math course, then you 
will have math-learning gaps. Learning problems will 
occur when new math material is based on one of 
your learning gaps. The age of the placement test 
score also affects sequential learning. Placement test 
scores are designed to measure your current math 
knowledge and are to be used immediately. 

Sequential learning is interrupted if math 
courses are taken irregularly. Math courses are de- 
signed to be taken one after another. By taking math 
courses each semester, without semester breaks in be- 
tween courses, you are less likely to forget the con- 
cepts required for the next course. 


Math as a Foreign Language 


Another helpful technique for studying math is | 
to consider it a foreign language. Looking at math | 
as a foreign language can improve your study proce- | 
dures. If you do not practice a foreign language, what _ 
happens? You forget it. If you do not practice math, | 
what happens? You are likely to forget it, too. Stu- | 
dents who excel in a foreign language must practice it — 
at least every other day. The same study skills apply to | 


math, because it is considered a foreign language. 
Like a foreign language, math has unfamiliar vo- 


cabulary words or terms that must be put in sentences | 
called equations. Understanding and solving a math | 
equation is similar to speaking and understanding a 


sentence in a foreign language. 
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Example: Math sentences use symbols (which 
stand for spoken words), such as 


= (for which you say, “equal”), 
- (for which you say, “less”), and 
a (for which you say, “unknown”). 


Learning how to speak math as a language is 
the key to math success. Currently, most universi- 


ties consider computer and statistics (a form of math). 


courses as foreign languages. Some universities have 


now gone so far as to actually classify math as a for- 


eign language. 


Math as a Skill Subject 


Math is a skill subject, which means you have to 
practice actively the skills involved to master it. 
Learning math is similar to learning to play a sport, 
learning to play a musical instrument, or learning auto 
mechanics skills. You can listen and watch your coach 
or instructor all day, but unless you practice those skills 
yourself, you will not learn. 


Examples: In basketball, the way to improve your 
free throw is to see and understand the correct 
shooting form and then practice the shots yourself. 
Practicing the shots improves your free-throwing 
percentage. However, if you simply listen to your 
coach describe the correct form and see him 
demonstrate it, but you do not practice the correct 
form yourself, you will not increase your shooting 
percentage. 

Suppose you want to play the piano, and you 
hired the best available piano instructor. You sit 
next to your instructor on the piano bench and 
watch the instructor demonstrate beginning piano- 
playing techniques. You see and understand how 
to place your hand on the keys and play. But what 
does it take to learn to play the piano? You have 


to place your hands on the keys and practice. 
continued 


Math works the same way. You can go to class, 
listen to your instructor, watch the instructor dem- 
onstrate skills, and understand everything that is 


said (and feel that you are quite capable of solving 
the problems). However, if you leave the class and 
do not practice — by working and successfully solv- 
ing the problems — you will not learn math. 


Many of your other courses can be learned by 
methods other than practicing. In social studies, for 
example, information can be learned by listening to 
your instructor, taking good notes, and participat- 
ing in class discussions. Many students mistakenly 
believe that math can be learned the same way. 


Remember: Math is different. If you want 
to learn math, you must practice. Practice 
not only means doing your homework but 
also means spending the time it takes to un- 
derstand the reasons for each step in each 
problem. 


A Bad Math “Attitude” 


Students’ attitudes about learning math are dif- 
ferent from their attitudes about learning their other 
subjects. Many students who have had bad past ex- 
periences with math do not like math and have a bad 
attitude about learning it. In fact, some students 
actually hafe math, even though these same students 
have positive experiences with their other subjects 
and look forward to going to class. 

Society, as a whole, reinforces students’ nega- 
tive attitudes about math. It has become socially 
acceptable not to do well in math. This negative at- 
titude has become evident even in popular comic 
strips, such as Peanuts. The underlying message is 
that math should be feared and hated and that it is 
all right not to learn math. 

This “popular” attitude toward math may rein- 
force your belief that it is all right to fail math. Such 
a belief is constantly being reinforced by others. 

The bad math attitude is not a major problem, 
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however. Many students who hate math pass it any- 2. 


way, just as many students who hate history still 
pass it. The major problem concerning the bad math 
attitude is how you use this attitude. If a bad math 
attitude leads to poor class attendance, poor con- 
centration, and poor study skills, then you have a 
bad math attitude problem. 


Remember: Passing math is your goal, re- 
gardless of your attitude. 


Fy oN 


— Section Review — 


1. How does a sequential learning pattern affect 
math learning? 


Give two examples: - 


Example 1: 


Example 2: 
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List two examples of how learning math is simi- 1 
lar to learning a foreign language. | 


Example 1: 


Example 2: 


3. How is math similar to a skills subject? 


4, List three ways a bad math attitude could affect | 
your mathematics learning. 


Way 1: 


a __--__ __._--_ --_S -— 
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The differences between 
high school and college math 


Math, as a college-level course, is almost two to 
three times as difficult as high school-level math 


| courses. There are many reasons for the increased 


difficulty: course class time allowance, the amount 
of material covered in a course, the length of a course, 
and the college grading system. 

The first important difference between high 
school and college math courses is the length of time 
devoted to instruction each week. Most college math 
instruction, for the fall and spring semesters, has 
been cut to three hours per week; high school math 
instruction is provided five hours per week. Addi- 
tionally, college courses cover twice the material in 
the same time frame as do high school courses. What 
is learned in one year of high school math is learned 
in one semester (four months) of college math. 

Simply put, in college math courses you are re- 
ceiving less instructional time per week and cover- 
ing twice the ground per course as you were in high 
school math courses. The responsibility for learn- 
ing in college is the student’s. As a result, most of 
your learning (and practicing) will have to occur 
outside of the college classroom. 


College Summer Semester 
Versus Fall or Spring Semester 
and the Difference Between Night and Day 


College math courses taught during summer 
semesters are more difficult than those taught dur- 
ing fall or spring. Further, math taught during night 
courses is more difficult than math taught during 
day courses. 

Students attending a six-week summer math ses- 
sion must learn the information — and master the 
skills — two and a half times as fast as students at- 
tending regular, full-semester math sessions. Though 
you receive the same amount of instructional class- 
room time, there is less time to understand and prac- 
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tice the skills between class sessions. 

Summer classes are usually two hours per day, 
four days per week (nighttime summer classes are 
four hours per night, two nights per week). 


Example: If you do not understand the lecture on 
Monday, then you have only Monday night to learn 
the material before progressing to more difficult 


material on Tuesday. During a night course, you 
have to learn and understand the material before 
the break; after the break, you will move on to 
the more difficult material — that night. 


Because math is a sequential learning experi- 
ence, where every building block must be understood 
before proceeding to the next block, you can quickly 
fall behind, and you may never catch up. In fact, 
some students become lost during the first half of a 
math lecture and never understand the rest of the 
lecture (this can happen during just one session of night 
class). This is called “kamikaze” math because most 
students do not survive summer courses. 

If you must take a summer math course, take a 
10- or 12-week daytime session so that you will have 
more time to process the material between classes. 


Course Grading System 


The grading system for math is different in col- 
lege than in high school. 


Example: While in high school, if you make a D or 
borderline D/F, the teacher more than likely will 
give you a D, and you may continue to the next 


course. However, in some college math courses, a 
D is not considered a passing grade, or if a D is 
made, the course will not count toward graduation. 


College instructors are more likely to give the 
grade of N (no grade), W (withdrawal from class), or 
F for barely knowing the material. This is because 
the instructor knows that you will be unable to pass the 
next course if you barely know the current one. 

Most colleges require students to pass two col- 
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lege-level algebra courses to graduate. In most high 
schools, you may graduate by passing one to three 
math courses. In some college-degree programs, you 
may even have to take four math courses and make a 
C in all of them to graduate. 

The grading systems for math courses are very 
precise compared to the grading systems for humani- 9. 
ties courses. 


How do college summer math courses differ from 
courses offered in the spring or fall? | 


Example: In a math course, if you have a 79 per- 
cent average and you need 80 percent to get a B, 
you will get a C in the course. But if you make a 


79 percent in English class, you may be able to 
talk to your instructor and do extra credit work 
to earn a B. 


Because math is an exact science and not as sub- 
jective as English, do not expect your math instruc- 
tor to let you do extra work to earn a better grade. 
In college, there usually is not a grade given for “daily 
work,” as is often offered in high school. In fact, your 
test scores may be the only grades that will count 
toward your final grade. Therefore, you should not 
assume that you will be able to “make up” for a bad 
test score. 


3. How can the order of taking math courses affect 
your learning? 


The Ordering of College Math Courses 


College math courses should be taken, in or- Why your first math test 
der, from the fall semester to the spring semester. , : 
If at all possible, avoid taking math courses from 1S VeYy important 
the spring to fall semesters. There is less time 
between the fall and spring semester for you to | 
forget the information. During the summer break, Making a high grade on the first major math | 
you are more likely to forget important concepts test is more important than making a high grade on | 
required for the next course and therefore experi- the first major test in other subjects. The first major | 
ence greater difficulty. math test is the easiest and, most often, the one the. 
student is least prepared for. | 
: : Students often feel that the first major math test 
By — Section Review — Te is mainly a review and that they can make a B or C_ | 
without much study. These students are overlook- 
1. Compare the amount of college class time to high ig an excellent opportunity to make an A on the easi-_ 
School clase time: est major math test of the semester. (Do not forget that _ 
this test counts the same as the more difficult remain- 
ing math tests.) 
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At the end of the semester, these students some- 
times do not pass the math course or do not make 
an A because of their first major test grade. In other 
words, the first math test score was not high enough 
to “pull up” a low test score on one of the remaining 
major tests. 

Studying hard for the first major math test and 
obtaining an A offers you several advantages: 


— A high score on the first test can compen- 
sate for a low score on a more difficult fourth 
or fifth math test. All major tests have equal 
value in the final grade calculations. 


— A high score on the first test can provide 
assurance that you have learned the basic 
math skills required to pass the course. This 
means you will not have to spend time re- 
learning the misunderstood material covered 
on the first major test while learning new 
material for the next test. 


— A high score on the first test can motivate 
you to do well. Improved motivation can 
cause you to increase your math study time, 
which will allow you to master the material. 


— A high score on the first test can improve 
your confidence for higher test scores. With 
more confidence, you are more likely to work 
harder on the difficult math homework as- 
signments, which will increase your chances 
of doing well in the course. 


1. Why is your first math test supposed to be the 
easiest? 
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2. Give three reasons why your first math test is 


so important. 


Reason 1: 


Reason 2: 


Reason 3: 


Lecture Notes 
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Chapter 1 Review 


Date: 1 
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1. In a math course, you must be able to do three What is the most important information you learned 


things. You must the material, 
the material, and 
what you have learned 


to solve the problem. 


2. Math requires ; 
which means one concept builds on the next con- 
cept. 


3. Placement test scores are designed to measure 
your math knowledge and 
are to be used 


4. Like a foreign language, math has unfamiliar vo- 
cabulary words or terms that must be put in sen- 
tences called 


5. Learning how to speak math asa 
is one key to math success. 


6. Keeping a attitude about 
math will help you study more efficiently. 


7. College math courses are to 
times as difficult as high school math courses. 


8. Math course are even more difficult than other 
courses because a grade of or better 
is usually required to take the next course. 


9. The math grading is exact; in many cases, you 
cannot do to improve 
your grade. 


10. College courses should be taken 


, from the fall semester to the 


spring semester. 


from this chapter? 


How can you immediately use it? 


Chapter 2 


How to 
Discover Your 
Math-Learning 
Strengths and 

Weaknesses 


Math-learning strengths and weaknesses affect students’ 
grades. You need to understand your strengths and 
weaknesses to improve your math-learning skills. 

Just as a mechanic does a diagnostic test on a 
car before repairing it, you need to do your own test- 
ing to learn what you need to improve upon. You do 
not want the mechanic to charge you for something 
that does not need repairing, nor do you want to 
work on learning areas that do not need improve- 
ment. You want to identify learning areas you need 
to improve or better understand. 

In this chapter, ou will learn 


— how what you know about math affects your 
grades, 

— how quality of math instruction affects your 
grades, 

— how affective student characteristics affect your 
math grades, 
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— how to determine your learning style, 

— how to develop a math-learning profile of your 
strengths and weaknesses, and 

— how to improve your math knowledge. 


Areas of math strengths and weaknesses include 
math knowledge, level of test anxiety, study skills, 
study attitudes, motivation, and test-taking skills. 
Before we start identifying your math strengths and 
weaknesses, you need to understand what contrib- 
utes to math academic success. 

Dr. Benjamin Bloom, a famous researcher in 
the field of educational learning, discovered that your 
IQ (intelligence) and your cognitive entry skills ac- 
count for 50 percent of your course grade (see Fig- 
ure 1 on the next page). Quality of instruction rep- 
resents 25 percent of your course grade, while affec- 
tive student characteristics reflect the remaining 25 
percent of your grade. ; 


— Intelligence may be considered, for our purpose, 
how fast you can learn or relearn math concepts. 


— Cognitive entry skills refer to how much math 
you knew before entering your current math 
course. 


— Quality of instruction is concerned with the 
effectiveness of math instructors when present- 
ing material to students in the classroom and 
math lab. This effectiveness depends on the 
course textbook, curriculum, teaching style, 
extra teaching aids (videos, audiocassettes), and 
other assistance. 


— Affective student characteristics are character- 
istics you possess that affect your course grades 
— excluding how much math you knew before 
entering your math course. Some of these af- 
fective characteristics are anxiety, study skills, 
study attitudes, self-concept, motivation, and 
test-taking skills. 
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How what you know about math 
affects your grades 


Poor math knowledge can cause low grades. A 
student placed in a math course that requires a more 
extensive math background than the student pos- 
sesses will probably fail that course. Without the 
correct math background, you will fall behind and 
never catch up. 


Placement Tests and Previous Course Grades 


The math you need to know to enroll in a par- 
ticular math course can be measured by a placement 
test (ACT, SAT) or by the grade received in the pre- 
requisite math course. Some students are incorrectly 
placed in math courses by placement tests. 

If, by the second class meeting, everything looks 
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like Greek and you do not understand what is being 
explained, move to a lower-level course. In the lower- 
level math course you will have a better chance to 
understand the material and to pass the course. A 
false evaluation of math ability and knowledge can 
only lead to frustration, anxiety, and failure. 


Requests by Students for Higher Placement 


Some students try to encourage their instruc- 
tors to move them to a higher-level math course be- 
cause they believe they have received an inaccurate 
placement score. Many students try to avoid non- 
credit math courses, while other students do not want 
to repeat a course that they have previously failed. 
These moves can also lead to failure. 

Some older students imagine that their math 
skills are just as good as when they completed their 
last math course, which was five to ten years ago. If 
they have not been practicing their math skills, they 


Figure 1 — Variables Contributing to Student Academic Achievement 


Cognitive Entry Skills 
(how much math you know before 
entering a new math course) 
and 
IQ 


(how fast you can learn old and new math concepts) 


— 50% — 


Quality of Instruction 
(Effectiveness of Math 
Instructors: course 
textbook, teaching style, 
extra teaching aids, etc.) 


— 25% — 


Affective Characteristics 
(Personality: self-concept, 
locus of control, 

attitudes, anxiety; 

Study Habits) 


— 25% — 
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are just fooling themselves. Still other students 
believe they do not need the math skills obtained in 
a prerequisite math course to pass the next course. 
This is also incorrect thinking. Research indicates 
that students who were placed correctly in their pre- 
requisite math course, and who subsequently failed 
it, will not pass the next math course. 


What My Research Shows 


I have conducted research on thousands of stu- 
dents who have either convinced their instructors to 
place them in higher-level math courses or have 
placed themselves in higher-level math courses. The 
results? These students failed their math courses 
many times before realizing they did not possess the 
prerequisite math knowledge needed to pass the 
course. Students who, without good reason, talk their 
instructors into moving them up a course level are 
setting themselves up to fail. 

To be successful in a math course, you must have 
the appropriate math knowledge. If you think you 
may have difficulty passing a higher-level math 
course, you probably do not have an adequate math 
background. Even if you do pass the math course 
with a D or C, research indicates that you will most 
likely fail the next higher math course. 

It is better to be conservative and pass a lower- 
level math course with an A or B instead of making 
a C or D in a higher-level math course and failing 
the next course at a higher level. 

This is evident when many students repeat a 
higher-level math course up to five times before re- 
peating the lower-level math course that was barely 
passed. After repeating the lower-level math course 
with an A or B, these students passed their higher- 
level math course. 


How quality of math instruction 
affects your grades 


Quality of instruction accounts for 25 percent 
of your grade. Quality of instruction includes such 
things as classroom atmosphere, instructor’s teach- 
ing style, lab instruction, and textbook content and 
format. All of these “quality” factors can affect your 
ability to learn in the math classroom. 

Interestingly enough, probably the most impor- 
tant “quality” variable is the compatibility of an 
instructor’s teaching style with your learning style. 
You need to discover your learning style and com- 
pare it to the instructional style. Noncompatibility 
can be best solved by finding an instructor who bet- 
ter matches your learning style. However, if you can- 
not find an instructor to match your learning style, 
improving your math study skills and using the math 
lab or learning resource center (LRC) can compen- 
sate for most of the mismatch. 

Use of the math lab or learning resource cen- 
ter (LRC) can dramatically improve the quality of 
instruction. With today’s new technologies, students 
are able to select their best learning aids. These learn- 
ing aids could be videotapes, CD-ROMs, computer 
programs, math study skills computer programs, and 
math texts. 

The quality of tutors is also a major factor in 
the math lab or learning resource center. A low 
student-to-tutor ratio and trained tutors are essen- 
tial for good tutorial instruction. Otherwise, the 
result is just a math study hall with a few helpers. 

The math textbook should be up to date with 
good examples and a solutions manual. This increases 
the amount of learning from the textbook compared 
to older, poorly designed texts. 

The curriculum design affects the sequence of 
math courses, which could cause learning problems. 
Some math courses have gaps between them that 
cause learning problems for all students. 
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How affective student 
characteristics affect your 
math grades 


Affective student characteristics account for 
about 25 percent of your grade. These affective char- 
acteristics include math study skills, test anxiety, moti- 
vation, locus of control, learning style, and other vari- 
ables that affect your personal ability to learn math. 

Most students do not have this 25 percent of 
the grade in their favor. In fact, most students have 
never been taught any study skills, let alone how to 
study math, specifically. Students also do not know 
their best learning style, which means they may study 
ineffectively by using their least effective learning 
style. However, it is not your fault that you were not 
taught math study skills or made aware of your learn- 
ing style. 

By working to improve your affective charac- 
teristics, you will reap the benefits by learning math more 
effectively and receiving higher grades. Thousands of 
students have improved their math affective charac- 
teristics and thereby their grades by using this work- 
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1. List and explain the three variables that contrib- 
ute to your academic success. 


— Section Review — 


Variable 1: 


Variable 2: 
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Variable 3: 


2. How does your placement test or previous math 
course grade affect your math learning? 


3. How does the quality of math instructors affect 
your grade? 


4. How do your affective characteristics affect your _ 
grade? 
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How to determine 
your learning style 


Research has shown that matching a student’s 
best learning style with the instructional style im- 
proves learning. Research has also shown that stu- 
dents who understand their learning style can im- 
prove their learning effectiveness. A learning disad- 
vantage will occur for students who do not know or 
do not understand their learning style. Students 
should talk to their instructor or counselor about 
taking one or more learning style inventories. 


Taking Stock of Your Learning Style 


There are different types of learning styles as- 
sessments. One type of learning style assessment 
focuses on learning modalities, whereas other as- 


sessments focus on cognitive or environmental learn- 


ing styles. We will focus on learning modalities and 
cognitive learning styles. 


Learning modalities 
(using your senses) 


If it is available to you, take a learning style in- 
ventory that measures learning modalities. Learn- 
ing modalities focus on the best way your brain re- 
ceives information — that is, learning visually (seeing), 
auditorially (hearing), or kinesthetically (touching). 

If possible, take an inventory that offers math- 
learning modalities, such as Learning Styles Inven- 
tory (Brown and Cooper, 1978). Other learning style 
inventories can measure learning modalities, but they 
focus on English- or reading-learning modes. Some- 
times students’ math-learning modes may be differ- 
ent from their language-learning modes. 

If you cannot locate a modality-type inventory, 
then you may want to do a self-assessment on your 
math-learning modality. Do you learn math best by 
seeing it, by hearing it, or by having hands-on learn- 
ing experiences? Hands-on learning means you need 


to touch or feel things to best learn about them. This 
is not the most accurate way to determine your learn- 
ing modality; however, you may use this informal as- 
sessment until you have an opportunity to take a more 
formal modality learning style inventory. 


Cognitive learning styles 
(processing what you sense) 


The second type of learning style inventory fo- 
cuses on cognitive learning styles. Cognitive learn- 
ing styles are based on how you process math infor- 
mation once it is received though a learning modal- 
ity. In other words, once you have heard, seen, or 
felt the information, how does your brain process 
it? Based on McCarthy (1981), you can process the 
information four different ways: innovatively, ana- 
lytically, through common sense, or dynamically. Re- 
sults of either the Kolb Learning Styles Inventory 
(1985) or the McCarthy Inventory (1981) will de- 
termine your cognitive learning style. 

If you do not have the opportunity to take a 
cognitive learning style inventory, you may want to 
do a self-assessment of your cognitive learning style. 
Which of the following best describes you? 


Innovative learners solve problems or make 
decisions by personally relating to them and using 
their feelings. They learn best by listening and dis- 
cussing their ideas with others while searching for 
the meaning. They are students with the good ideas, 
and they are innovative. They usually major in social 
sciences and the psychological helping professions. 

Analytic learners look for facts and ask experts 
for advice when solving problems. They learn by 
thinking about the concepts and solving problems 
by using logic. They have more interest in ideas and 
concepts than in people. They generally major in math 
and the hard sciences; they enjoy doing research. 

Common sense learners solve problems by 
knowing how things work. They learn by testing 
concepts in a practical way and make decisions by 
applying theories. They want to know practical ways 
to use theories and concepts. They major in applied 
sciences, health fields, engineering, and technologies. 
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Dynamic learners solve problems by looking 
at hidden possibilities and processing information 
concretely. They learn best by independent self-in- 
struction and trial-and-error practice. They are flex- 
ible and will take risks. They major in business and 
sales occupations. 


Learning modalities and cognitive learning 
styles are neither good nor bad. Learning modali- 
ties and cognitive styles are concerned with how you 
best take in information and process it. Different 
subject areas are best understood through certain 
learning modalities and cognitive styles. 

Most math instructors are visual/abstract learn- 
ers, and they tend to teach the way they best learn. 
Visual/abstract learners teach through a visual 
mode, and they have students process information 
abstractly. The second most frequent learning mo- 
dality/style of math instructors is visual/common 
sense. 


Remember: It is important to recognize 
that students who do not have a math-learn- 
ing modality/style can still learn math. A 
mismatch of modality/learning styles be- 
tween student and instructor can be com- 
pensated by good study skills. 


£y 


1. My learning modality is 
because I learn math best by 


— Section Review — 


cy 


2. My cognitive learning style is 
because I process math information by 
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How to develop a 
math-learning profile 
of your strengths and weaknesses 


Students have learning strengths and weak- 
nesses that affect math learning and their course 
grade. They must identify and understand these 
strengths and weaknesses to know which strengths sup- 
port them and which weaknesses to improve upon. 


Examples: Having good math study skills is a 
positive math-learning characteristic, whereas hav- 


ing high test anxiety is a negative math-learning 
characteristic. 


Understanding Math-Learning Profiles 


By developing a math-learning profile, you will 
be able to identify your learning strengths and weak- 
nesses. 

Figure 2, on the facing page, allows you to rate 
yourself as having excellent, good, or poor math- 
learning skills. It helps you measure your previous 
math study skills, test anxiety, math knowledge, 
learning styles, and math attitude. These measure- 
ments are based on both the results of certain sur- 
veys and your previous math background. Doing all 
or some of these personal assessments will provide you 
with a good learning profile, and they may predict your 
success in math. 

Now complete question 1 of the Math-Learning 
Profile Sheet (Figure 2). Check excellent or good if 
you were taught math study skills or poor if you were 
not taught math study skills. 


Measuring Your Math Anxiety Level 


The second part of the assessment measures your 
math anxiety level. You need to determine if you have 
high, medium, or low test anxiety. If you never get 
anxious on a math test, then select low anxiety. If you 
sometimes get anxious on a math test, select medium. 
If you always get anxious on a math test, select high. 
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Figure 2 
Math-Learning Profile Sheet 


Student Math Course Math Instructor 
1. My math study skills are 6. Previous study skills course or training: 
Excellent Good Poor Course Study-skills training None 
(5 points) (3 points) (1 point) (5 points) (3 points) (1 point) 
2. My math test anxiety level is 7. Previous/current required reading course: 
High Medium Low No required college-level reading course 
(1 point) (3 points) (5 points) (5 points) 
First developmental course 
3. Math knowledge (choose either placement score (3 points) 
or last course grade): Second developmental course 
¢ (1 point) 
(Placement score) 
High Middle Low 8. How much control do you have over your math 
(5 points) (3 points) (1 point) learning? 
OR A lot Some Very little 
(5 points) (3 points) (1 point) 
(Last course and grade) 
A B C,D,EW,N,I 9. My learning modality is 
5 points) (3 points) (1 point 
a : ) Visual Auditory Kinesthetic 
4. Math attitude: (5 points) (3 points) (1 point) 
Good Neutral Negative 10. My cognitive learning style is 
(5 points) (3 points) (1 point) ; 
Analytic 
5. Years since last math course: (5 points) 
Commonsense ______ 
1Year___ 2-3 Years__— 4 or more years ____ ____ (3 points) 
(5 points) (3 points) (1 point) Innovative/dynamic 
(1 point) 


TOTAL POINTS: 


SCORING 


45+ points — an excellent math-learning profile 
40-45 points — a good math-learning profile 


40 or below — a poor math-learning profile 


24 


Complete question 2 of the Math-Learning Pro- 
file Sheet. 


Measuring Previous Math Knowledge 


The third part of the assessment measures your 
previous math knowledge. Your previous math 
knowledge is an excellent predictor of future math 
success. In fact, the best predictor of math success is 
your previous math grade (if taken within one year of 
your current course). 

The measurement of your math knowledge is 
based on your previous math grade or your math 
placement test. If your college does not require a 
placement test, contact the chairperson of the math 
department to help you with your course placement. 
Selecting a math course yourself is like playing Rus- 
sian roulette with five bullets in the chamber. With- 
out help, you will probably commit mathematical sui- 
cide. 

Visit your counselor or instructor to discuss 
your math placement test score. Ask your counselor 
or instructor how your placement score relates to 
the scores for the math course below and above your 
course. 

Find out if your score barely placed you into 
your course, if your score was in the middle, or if 
your score almost put you into the next course. Mark 
one of these three outcomes in question 3. If your 
placement score barely put you into your current 
math course, you will have difficulty learning the 
math required in that course. 

A barely passing placement score means that 
you are missing the math knowledge you require to 
be successful, and you have a poor chance for pass- 
ing the course. A middle placement score indicates 
that you probably have most of the math knowledge 
required for the course; however, you still may have 
difficulty passing the course. A high placement score 
means you have most of the math knowledge needed to 
pass and may have a good chance of passing the course. 
(Still, if you have poor math study skills and high test 
anxiety, you may not pass the course.) 

Students who have low placement test scores need 
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to improve their math knowledge as soon as possible. 
Students with middle placement scores should also con- 
sider improving their math knowledge. 

You need to improve your math skills within the 
first few weeks of the semester. If you wait too long, | 
you will become hopelessly lost. Suggestions for im- ) 
proving your math knowledge are included in a later | 
section in this chapter. | 

If you are taking your second math course, use 
your previous math course grade to determine your 
math knowledge. Your previous course grade is the 
best predictor of success in your next math course. 
(However, this is only true if your last math course 
was taken within the last year.) 

Record the name and grade of your previous 
math course in question 3. Students who made an 
A or B in their previous math course have a good 
chance of passing their next math course. However, 
students who made a C in their previous math course 
have a poor chance of passing their next math course. 
Students who made below a C or withdrew from the 
previous math course have virtually no chance of 
passing their next math course. 


Determining Your Math Attitude 


Math attitude can play a major part in being 
successful in your course. Some students who have 
a poor attitude toward math may not attend class as 
often as they should or may procrastinate in doing 
their homework. Other students avoid math until 
they have to take it. Mark the type of math attitude 
you have in question 4 of the Math-Learning Profile 
Sheet. 


The Amount of Time Since Your Last Math Course 


Another indicator of math success can be the 
length of time since your last math course. The longer | 
the time since your last math course, the less likely 
you will be to pass the current course. The excep- 
tion to this rule is if you were practicing math while 
you were not taking math courses. Math is very 
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easily forgotten if not practiced. Indicate in ques- 
tion 5 of the Math-Learning Profile Sheet the num- 
ber of years since your last math course. 


Previous Study Skills Courses or Training 


General study skills training that does not fo- 
cus on math may help some students in time man- 
agement, reading techniques, learning styles, and 
Overcoming procrastination. If you had a course in 
study skills or some study skills training, mark that 
area in question 6 of the Math-Learning Profile Sheet. 
If you had no study skills training, indicate that on 
your profile sheet. 


Previous/Current Required Reading Courses 


College reading skills are also needed for suc- 
cess in math courses. This is especially true when 
you are trying to solve story or word problems. 

At community colleges and some universities, 
there are three levels of reading courses. Usually, 
the first two levels are noncredit reading courses, 
and the third level is for college credit. 

If you are enrolled in the lowest reading level, 
you will have difficulty reading and understanding 
the math text. Students who are enrolled in the sec- 
ond level may also have difficulty reading the text. 
Students who are not required to take a reading class 
or who are reading at grade level may still have some 
difficulty reading the math text. 


Remember: Math texts are not written like 
English or history texts. Even students with 
college-level reading skills may experience 
difficulty understanding their math text. 


If you do not know your reading level, ask to 
take a reading test. If in doubt about your reading 
level, take a reading class. Indicate the type of read- 
ing skills you have in question 7 of the Math-Learn- 
ing Profile Sheet. 


Your Locus of Control 


“Locus of control” is a concept that describes 
how much control you feel you have over both your 
life and your course grades. Some students feel they 
have a lot of control over their life and learning, 
while other students feel they have very little con- 
trol over their life or grades. Indicate in question 8 
of the Math-Learning Profile Sheet how much con- 
trol you feel you have over your math learning and 
grades. 


Your Best Learning Modality 


Learning modalities are best described by your 
preference in how you receive lecture information. 
As discussed, some of these modalities match your 
math instructor and some do not. Most math in- 
structors teach through a visual mode, with the dis- 
tant second modality being auditory. Mark your best 
learning modality in question 9 of the Math-Learn- 
ing Profile Sheet. 


Your Cognitive Learning Style 


Cognitive learning styles are best described as 
how information is processed once it is received by 
your brain. Most math instructors process informa- 
tion analytically, and they therefore teach math the 
same way. Using common sense is the second most 
popular way math instructors cognitively process 
information. 

If you do not process information analytically 
or through common sense, then you may be at a learn- 
ing disadvantage. However, improved math study skills 
can compensate for a mismatch in learning modes/ 
styles. Mark your cognitive learning style in question 
10 of the Math-Learning Profile Sheet. 


Evaluating Your Findings 


Your profile sheet is an informal way to mea- 
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sure your math strengths, weaknesses, and learning 
modalities/styles. Any area with 5 points is a 
strength, and an area with 1 point is a weakness. 
Review your Math-Learning Profile Sheet and locate 
your strengths, weaknesses, or mismatches. 

Learning modalities/styles are counted the 
same way but are considered matches and mis- 
matches instead of strengths and weaknesses. To- 
tal up your score to determine if you have an overall 
strong or weak math-learning profile. 

Some of the weak areas can be compensated 
for, while other areas, such as learning styles, can be 
made more effective. Strategies for improving math 
knowledge and finding the best instructor will be 
discussed in the last part of this chapter. Other pro- 
file weaknesses will be improved by using the sug- 
gestions in this workbook. 


cS 


— Section Review — 


1. Complete the Math-Learning Profile Sheet if it 
has not been completed. 


2. See your instructor about improving your weak- 
nesses. 


How to improve your 
math knowledge 


Instructors always operate on the premise that you 
finished your previous math course just last week; they 
do not wait for you to catch up on current material. It 
.does not matter if your previous math course was a 
month ago or five years ago. Instructors expect you to 
know the previous course material — period. 
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Review Your Previous Math 
Course Material and Tests 


There are several ways to improve your math 
knowledge. Review your previous math course ma- 
terial before attending your present math course. 
Look closely at your final exam to determine your 
weak areas. Work on your weak areas as soon as 
possible so they can become building blocks (instead 
of stumbling blocks) for your current course. 

If it has been some time since your last math 
course, visit the math lab or learning resource center 
to locate review material. Ask the instructor if there 
are any computer programs that will assess your math 
skills to determine your strengths and weaknesses for 
your course. Review math videotapes on the math 
course below your level. Also review any computer 
software designed for the previous math course. 


Another way to enhance learning is to review | 


the previous math course text by taking all of the 
chapter review tests. If you score above 80 percent 
on one chapter review test, move on to the next chap- 
ter. A score below 80 percent means you need to 
work on that chapter before moving on to the next 
chapter. Get a tutor to help you with those chapters 
if you have trouble. Make sure you review all the 
chapters required in the previous course as soon as 
possible. If you wait more than two weeks to con- 
clude this exercise, it may be too late to catch up 
(while learning new material at the same time). 


Employ a Tutor 


One last way to improve your cognitive entry 
skills is to employ a private tutor. If you have a his- 
tory of not doing well in math courses, you may need 
to start tutorial sessions the same week class begins. 
This will give the tutor a better chance of helping | 
you regain those old math skills. 

You still need to work hard to relearn old math | 
skills while continuing to learn the new material. If | 
you wait four to five weeks to employ a tutor, it will 
probably be too late to catch up and do well or even 
pass the course. 
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Remember: Tutorial sessions work best 
when the sessions begin during the first 
two weeks of a math course. 


Schedule Math Courses “Back to Back” 


Another way to maintain appropriate math 
knowledge is to take your math courses “back to 
back.” It is better to take math courses every se- 
mester — even if you do not like math — so that you 
can maintain sequential (linear) learning. 

I have known students who have made B’s or 
C’s in a math class and who then waited six months 
to a year to take the next math course. Inevitably, 
many failed. These students did not complete any 
preparatory math work before the math course and 
were lost after the second chapter. This is similar to 
having one semester of Spanish, not speaking it for a 
year, then visiting Spain and not understanding what is 
being said. 

The only exception to taking math courses “back 
to back” is taking a six-week “kamikaze” math course 
(an ultracondensed version of a regular course), 
which should be avoided. 

If you are one of the unfortunate many who are cur- 
rently failing a math course, you need to ask yourself, “Am 
I currently learning any math or just becoming more con- 
fused?” If you are learning some math, stay in the course. 
If you are getting more confused, withdraw from the course. 
Improve your math knowledge prior to enrolling in a math 
course during the next semester. 


Example: You have withdrawn from a math course 
after midterm due to low grades. Instead of waiting 
until next semester, attend a math lab or seek a tu- 
tor and learn Chapters 1, 2, and 3 to perfection. Also 
use this time to improve your math study skills. You 
will enter the same math course next semester with 
excellent math knowledge and study skills. In fact, 
you can make an A on the first test and complete 
the course with a high grade. Does this sound far- 
fetched? It may, but I know hundreds of students 
who have used this learning procedure and passed 
their math course instead of failing it again and again. 
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Finding Your Best Instructor 


Finding an instructor who best matches your 
learning style can be a difficult task. Your learning 
style is important; your learning style is how you 
best acquire information. 


Example: Auditory learners do better when hear- 
ing the information over and over again instead 
of carefully reading the information. If an audi- 
tory learner is taught by a visual-style instructor 


who prefers that students read materials on their 
own and who prefers working problems instead of 
describing them, the mismatch could cause the 
student to do worse than if the student were taught 
by an auditory instructor. 


Most students are placed in their first math 
course by an academic advisor. Usually, academic 
advisors know who are the most popular and least 
popular math instructors. However, advisors can be 
reluctant to discuss teacher popularity. And unfor- 
tunately, students may want the counselor to devise 
a course schedule based on the student’s time limits 
instead of teacher selection. 

To learn who are the best math instructors, ask 
the academic advisor which math instructor’s classes 
fill up first. This does not place the academic advi- 
sor in the position of making a value judgment; nei- 
ther does it guarantee the best instructor. But it will 
increase the odds in your favor. 

Another way to acquire a good math instructor 
is to ask your friends about their current and previ- 
ous math instructors. However, if another student 
says that an instructor is excellent, make sure your 
learning style matches your friend’s learning style. 
Ask you friend, “Exactly what makes the instructor 
so good?” Then compare the answer with how you 
learn best. If you have a different learning style 
than your friend, look for another instructor, or ask 
another friend whose learning style more closely 
matches your own. 

To obtain the most from an instructor, discover 
your best learning style and match it to the 
instructor’s teaching style. Most learning centers 
or student personnel offices will have counselors who 
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can measure and explain your learning style. Inter- 
view or observe the instructor while the instructor 
is teaching. This process is time consuming, but it 
is well worth the effort! 

Once you have found your best instructor, do 
not change. Remain with the same instructor for 
every math class whenever possible. 


Remember: The first step in becoming a 
better math student is knowing your learn- 


ing strengths and weaknesses. Now you can 
focus on what you need to improve. 


@y —Section Review-— cS 


1. Give four examples of how you can review math 
course materials. 


Example 1: 


Example 2: 


Example 3: 


Example 4: 
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What is the advantage of taking math courses 
back to back? | 


Give two examples of how to find your best math 
instructor. 


Example 1: 


Example 2: 


Name: 


ED 


refers to how much math you knew before enter- 
ing your current math course. 
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are the learning skills you possess that affect 
your grades. 


3. Students who talk their instructors into moving 
up a course level usually that course. 


4.The of tutors is a major part 
of the math lab or learning resource center. 


5. Affective student characteristics account for 
about percent of your grade. 


6. learners look for facts and ask ex- 
perts for their advice. 


7. Hands-on learners are called 
learners. 


8. Developing your math-learning profile will help 
you identify your and 
to help you improve your learning. 


9. Students having previous difficulty in mathemat- 
ics should start tutorial sessions the 
week class begins. 


10. Once you find your best math instructor 
change instructors for your next math 


course. 


Chapter 2 Review 


Date: a 


1 


What is the most important information you learned 
from this chapter? 


How can you immediately use it? 


Chapter 3 


How to 
Reduce 
Math Test 


Anxiety 


Math test anxiety is a common problem for many 
college students, especially for students who are in 
developmental courses. Unfortunately, it is also com- 
mon for students to experience test anxiety only in 
math and not in their other courses. 

Mild test anxiety can be a motivational factor, 
but high test anxiety can cause major problems both 
in learning and in taking tests. For many students, 
reducing test anxiety is the key to becoming suc- 
cessful in math. Such students need to learn the 
causes of test anxiety and how to reduce the test 
anxiety that affects their learning and grades. 

Several techniques have proved helpful in re- 
ducing both math anxiety and math test anxiety. 
However, reducing math test anxiety does not guar- 
antee good math grades. It must be coupled with 
effective study skills and a desire to do well in math. 

In this chapter, you will learn 
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— how to recognize test anxiety, 

— the causes of test anxiety, 

— the different types of test anxiety, and 
— how to reduce test anxiety. 


How to recognize 
test anxiety 


Test anxiety has existed for as long as tests have 
been used to evaluate student performance. Because 
it is so common and because it has survived the test 
of time, test anxiety has been carefully studied over 
the last 50 years. Pioneering studies indicate that 
test anxiety generally leads to low test scores. 

At the University of South Florida (Tampa), Dr. 
Charles Spielberger investigated the relationship 
between test anxiety and intellectual ability. The 
study results suggested that anxiety coupled with high 
ability can improve academic performance; but anxi- 
ety coupled with low or average ability can interfere 
with academic performance. That is: 


Anxiety + high ability = improvement 
Anxiety + low or average ability = no improvement 


Example: Students with average ability and low 
test anxiety had better performance and higher 
grades than did students with average ability and 


high test anxiety. However, there are students who 
make good grades, take calculus, and still have test 
anxiety. 


Test anxiety is a learned response; a person is 
not born with it. An environmental situation brings 
about test anxiety. The good news is that because it 
is a learned response, it can be unlearned. Test anxi- 
ety is a special kind of general stress. General stress 
is considered “strained exertion,” which can lead to 
physical and psychological problems. 
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Defining Test Anxiety 


There are several definitions of test anxiety. One 
definition states, “Test anxiety is a conditioned emo- 
tional habit to either a single terrifying experience, 
recurring experience of high anxiety, or a continu- 
ous condition of anxiety” (Wolpe, 1958). 

Another definition of test anxiety relates to the 
educational system. The educational system devel- 
ops evaluations that measure one’s mental perfor- 
mance, and this creates test anxiety. This definition 
suggests that test anxiety is the anticipation of some 
realistic or nonrealistic situational threat (Cattell, 
1966). The “test” can be a research paper, an oral 
report, work at the chalkboard, a multiple-choice 
exam, a written essay, or a math test. 

Math test anxiety is a relatively new concept in 
education. Ms. magazine published “Math Anxiety: 
Why Is a Smart Girl Like You Counting on Your Fin- 
gers?” (Tobias, 1976) and coined the phrase math 
anxiety. During the 1970s, other educators began 
referring to mathophobia and mathemaphobia as a 
possible cause for children’s unwillingness to learn 
math. Additional studies on the graduate level dis- 
covered that math anxiety was common among 
adults as well as children. Previously, educators had 
regarded math anxiety as a skill deficiency rather 
than a state of mind. 

There are several other definitions of math 
anxiety: 


Math anxiety is the extreme reaction to a 
very negative attitude toward math. (There 
is a strong relationship between low math 
confidence and high math test anxiety; this 
could be the same concept.) (Fox, 1977) 


Math anxiety is the feeling of tension and 
anxiety that interferes with the manipulation 
of numbers and the solving of math problems 
during school tests. (Richardson and Suinn, 
1972) 


Math anxiety is a state of panic, helplessness, 
paralysis and mental disorganization that oc- 
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curs in some students when required to solve 
math problems. This discomfort varies in in- 
tensity and is the outcome of numerous pre- 
vious situations. (Tobias, 1986) 


One of my students once described math test 
anxiety as “being in a burning house with no way 
out.” No matter how you define it, math test anxiety 
is real, and it affects millions of students. 


Why Math Tests Create Anxiety 


Math anxiety can be divided into two separate 
anxieties: math test anxiety and numerical anxiety. 
Math test anxiety involves anticipation, completion, 
and feedback of math tests. Numerical anxiety re- 
fers to everyday situations requiring working with 
numbers. | 

It has been shown that math anxiety exists 
among many students who usually do not suffer from 
other tensions. Counselors at a major university re- 
ported that one-third of the students who enrolled 
in behavior therapy programs offered through coun- 
seling centers had problems with math anxiety 
(Suinn, 1988). 

Educators know that math anxiety is common 
among college students and is more prevalent in 
women than in men. They also know that math anxi- 
ety frequently occurs in students with a poor high 
school math background. These students were found 
to have the greatest amount of anxiety. 

Approximately half of the students in college prep 
math courses (designed for students with inadequate 
high school math background or low placement scores) 
could be considered to have math anxiety. However, 
math anxiety also occurs in students in high-level math 
courses, such as college algebra and calculus. 

Educators investigating the relationship between 
anxiety and math have indicated that anxiety contrib- 
utes to poor grades in math. They also found that sim- 
ply reducing math test anxiety does not guarantee 
higher math grades. Students often have other prob- 
lems that affect their math grades, such as poor study 
skills, poor test-taking skills, or poor class attendance. 


How to Reduce Math Test Anxiety 


Cay — Section Review — 


1. What is your personal definition of test anxiety? 


2. What type of student does math anxiety affect 
most? 


The causes of 
test anxiety 


The causes of test anxiety can be different for 
each student, but they can be explained by seven basic 
concepts (described on the next page). 

The most common situation students have re- 
ported as a known cause of their math test anxiety is 
their elementary school math experiences. When 
asked, many students indicated that they were made 
fun of when trying to solve math problems at the 
chalkboard. When they could not solve the prob- 
lem, the teacher and/or students would call them 
“stupid.” . 

Teacher and peer embarrassment and humilia- 
tion become the conditioning experience that causes 
some students’ test anxiety. Over the years, this test 
anxiety is reinforced and still exists. In fact, many 
math-anxious students — now 30 and 40 years old — 
still have extreme fear about working math problems 
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on the board. Some students said that they abso- 
lutely refuse to go to the board. 


Math Autobiography 

The math autobiography is a way to find out 
where some of your fears about math began. In the 
math autobiography, you write down some of your posi- 
tive and negative math experiences. A better under- 
standing of your math history can lead to more control 
over math. Use the answers to the following questions 


to help you write your own math autobiography. 


My first positive math experience was when 


My first negative math experience was when 


One of my best math teachers helped me in math by 


One math teacher didn’t help me learn math because 
he/she 


I did well in math until 


.OR 


I am still doing well in math because 
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When I hear the word math I first think of The Causes of Tost Anxiety 


Test anxiety can be a learned behavior re- 

Because.“ CC™~—“‘“‘C;C;*S*S™S™C™C*C™CCCC*#SSIItingg from thee expectations of parents, 
teachers, or other significant people in the 
student's life. 


Math is only for people who _ | Test anxiety can be caused by the associa- 
tion between grades and a student's per- 
sonal worth. 


Doing math successfully means] can__tttt___—*|_ Test anxiety develops from fear of alienat- 
ing parents, family, or friends due to poor 
grades. 


For me, math is like___.44..|.__-=====—s'|: Test anxiety can stem from a feeling of lack 
of control and an inability to change one’s 
life situation. 


After answering these questions, you now have a bet- Test anxiety can be caused by a student's 
ter understanding of how math affects you. Write a 


three- to five-page math autobiography about your being embarrassed by the teacher or other 


math history from elementary school to your cur- | Students when trying to do math problems. 
rent math course. Write down how you felt about 


math and how you feel about math now. Your con- aT . 
est anxiety can be caused by timed tes 
clusion should include what you want to do NOW y y tal 


about your math success. Turn the autobiography in and the fear of not finishing the test, even if 
to your instructor. one can do all the problems. 


Remember: For some students, just writing 
about their previous math history helps 
them. 


Test anxiety can be caused by being put in 
math courses above one’s level of compe- 
tence. 
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1. List and describe five causes of test anxiety. What are the cause(s) 


of your test anxiety? 
Cause 1: 
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Cause 2: 


Cause 4: 


Cause 5: 


2. Put into your own words your cause(s) of test 
anxiety. If you don’t have test anxiety, list what 
you think is the major cause of test anxiety. 
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The different types of 
test anxiety 


The two basic types of test anxiety are emo- 
tional (educators call this somatic) and worry (educa- 
tors call this cognitive). Students with high test anxi- 
ety have both emotional and worry anxiety. 

Signs of emotional anxiety are upset stomach, 
nausea, sweaty palms, pain in the neck, stiff shoul- 
ders, high blood pressure, rapid shallow breathing, 
rapid heartbeat, or general feelings of nervousness. 
As anxiety increases, these feelings intensify. Some 
students even run to the bathroom to throw up or 
have diarrhea. 

Even though these feelings are caused by anxi- 
ety, the physical response is real. These feelings and 
physical inconveniences can affect your concentra- 
tion and your testing speed, and they can cause you 
to completely “draw a blank.” 

Worry anxiety causes the student to think about 
failing the test. These negative thoughts can happen 
either before or during the test. This negative “self- 
talk” causes students to focus on their anxiety in- 
stead of recalling math concepts. 

The effects of test anxiety range from a “mental 
block” on a test to avoiding homework. One of the 
most common side effects of test anxiety is getting 
the test and immediately forgetting information that 
you know. Some students describe this event as hav- 
ing a “mental block,” “going blank,” or finding that 
the test looks like Greek. 

After five or ten minutes into the test, some of 
these students can refocus on the test and start work- 
ing the problems. They have, however, lost valuable 
time. For other students, anxiety persists through- 
out the test and they cannot recall the needed math 
information. It is only after they walk out the door that 
they can remember how to work the problems. 

Sometimes math anxiety does not cause students 
to “go blank” but slows down their mental processing 
speed. This means it takes longer to recall formulas 
and concepts and to work problems. The resuit is frus- 
tration and loss of time, leading to more anxiety. Since, 
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The 12 Myths About Test Anxiety 


Students are born with test anxiety. 
Test anxiety is a mental illness. 
Test anxiety cannot be reduced. 
Any level of test anxiety is bad. 


All students who are not prepared have 
test anxiety. 


Students with test anxiety cannot learn 
math. 


Students who are well prepared will not 
have test anxiety. 


Very intelligent students and students 
taking high-level courses, such as calcu- 
lus, do not have test anxiety. 


Attending class and doing homework 
should reduce all test anxiety. 


Being told to relax during a test will make 
a student relaxed. 


Doing nothing about test anxiety will make 
it go away. 


Reducing test anxiety will guarantee better 
grades. 
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in most cases, math tests are speed tests (those in 
which you have a certain amount of time to com- | 
plete the test), you may not have enough time to work | 
all the problems or to check the answers if you have | 
mentally slowed down. The result is a lower test i 
score, because even though you know the material, | 
you do not complete all of the questions before test | 
time runs out. : 

Not using all of the time allotted for the test is | 
another problem caused by test anxiety. Students 
know that they should use all of the test time to check 
their answers. In fact, math is one of the few sub- 
jects in which you can check test problems to find 
out if your work is correct. However, most students 
do not use all of the test time, and this results in 
lower test scores. Why does this happen? 

Students with high test anxiety do not want to 
stay in the classroom. This is especially true of stu- 
dents whose test anxiety increases as the test 
progresses. The test anxiety gets so bad that they 
would rather leave early and receive a lower grade 
than stay in that “burning house.” 

Students have another reason for leaving the 
test early: the fear of what the instructor and other 
students will think about them for being the last one 
to hand in the test. These students refuse to be the 
last ones to finish the test because they think that 
the instructor or other students will think they are 
dumb. This is middle-school thinking, but the feel- 
ings are still real — no matter what the age of the 
student. These students do not realize that some > 
students who turn in their tests first fail, whereas 
many students who turn in their tests last make A’s 
and B’s. 

Another effect of test anxiety relates to com- 
pleting homework assignments. Students who have 
high test anxiety may have difficulty starting or com- 
pleting their math homework. Doing homework re- | 
minds some students of their learning problems in 
math. More specifically, it reminds them of their 
previous math failures, which causes further anxiety. | 
This anxiety can lead to total homework avoidance | 
or “approach-avoidance” behavior. 

Total homework avoidance is called procrasti- 
nation. The very thought of doing their homework | 
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causes these students anxiety, which causes them to 
put off tackling their homework. This makes them feel 
better for a short amount of time — until test day. 


Example: Some students begin their homework 
and work some problems successfully. They then 
get stuck on an problem that causes them anxi- 
ety, so they take a break. During their break the 
anxiety disappears until they start doing their 
homework again. Doing their homework causes 
more anxiety, which leads to another break. The 
breaks become more frequent. Finally, the stu- 
dent ends up taking one long break and not doing 
the homework. Quitting, to them, means no more 
anxiety until the next homework assignment. 


The effects of math test anxiety can be different 
for each student. Students can have several of the 
mentioned characteristics that can interfere with 
math learning and test taking. However, there are 
certain myths about math that each student needs 
to know. Review The 12 Myths About Test Anxiety 
on the facing page to see which ones you believe. If 
you have test anxiety, which of the mentioned char- 
acteristics are true for you? 


&o - Section Review — 


1. List and describe the two basic types of test 
anxiety. 


Type 1: 


Type 2: 


37 


2. List two reasons students leave the test room 
early instead of checking their answers. 


Reason One: 


Reason Two: 


3. List 6 of the 12 myths about test anxiety that 
you most believed. 


Myth 1: SRUDST Ot NE B30D Aor 


Myth 2: Vee) Nees 


Myth 3: 


Myth 4: 


Myth 5: 


Myth 6: 
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How to reduce 
test anxiety 


To reduce math test anxiety, you need to under- 
stand both the relaxation response and how negative 
self-talk undermines your abilities. 


Relaxation Techniques 


The relaxation response is any technique or pro- 
cedure that helps you to become relaxed. It will take 
the place of an anxiety response. Someone simply 
telling you to relax or even telling yourself to relax, 
however, does little to reduce your test anxiety. There 
are both short-term and long-term relaxation response 
techniques that help control emotional (somatic) 
math test anxiety. These techniques will also help 
reduce worry (cognitive) anxiety. Effective short- 
term techniques include the tensing and differential 
relaxation method, the palming method, and deep 
breathing. 


Short-Term Relaxation Techniques 
The Tensing and Differential Relaxation Method 
The tensing and differential relaxation method 
helps you relax by tensing and relaxing your muscles 
all at once. Follow these procedures while you are 
sitting at your desk before taking a test: 
1. Put your feet flat on the floor. 


2. With your hands, grab underneath the chair. 


3. Push down with your feet and pull up on your 
chair at the same time for about five seconds. 


4. Relax for five to ten seconds. 


5. Repeat the procedure two or three times. 


Math Study Skills Workbook | 


6. Relax all your muscles except the ones that are 
actually used to take the test. 


The Palming Method 


The palming method is a visualization proce- 
dure used to reduce test anxiety. While you are at 
your desk before or during a test, follow these pro- 
cedures: 


1. Close and cover your eyes using the center of the 
palms of your hands. 


2. Prevent your hands from touching your eyes by 
resting the lower parts of your palms on your 
cheekbones and placing your fingers on your fore- 
head. Your eyeballs must not be touched, rubbed, 
or handled in any way. 


3. Think of some real or imaginary relaxing scene. 
Mentally visualize this scene. Picture the scene 
as if you were actually there, looking through your 
own eyes. 


4, Visualize this relaxing scene for one to two minutes. 


Practice visualizing this scene several days be- 
fore taking a test and the effectiveness of this relax- 
ation procedure will improve. 


Deep Breathing 


Deep breathing is another short-term relaxation 
technique that can help you relax. Proper breathing 
is a way to reduce stress and decrease test anxiety. 
When breathing properly, enough oxygen gets into 
your bloodstream to nourish your body and mind. A 
lack of oxygen in your blood contributes to an anxi- 
ety state that makes it more difficult to react to stress. 
Proper deep breathing can help you control your test 
anxiety. 

Deep breathing can replace the rapid, shallow 
breathing that sometimes accompanies test anxiety, 
or it can prevent test anxiety. Here are the steps to — 
deep breathing: | 
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1, Sit straight up in your chair in a good posture 
position. 


2, Slowly inhale through your nose. 


3. As you inhale, first fill the lower section of your 
lungs and work your way up to the upper part 
of your lungs. 


4. Hold your breath for a few seconds. 
5. Exhale slowly through your mouth. 
6. Wait a few seconds and repeat the cycle. 


You need to practice deep breathing exercises 
before using them during a test. 

Side one of the audiocassette How to Reduce 
Test Anxiety (Nolting, 1986) further explains test 
anxiety and discusses these and other short-term re- 
laxation response techniques. Short-term relaxation 
techniques can be learned quickly but are not as suc- 
cessful as the long-term relaxation technique. Short- 
term techniques are intended to be used while learn- 
ing the long-term technique. 


Long-Term Relaxation Techniques 


The cue-controlled relaxation response tech- 
nique is the best long-term relaxation technique. It 
is presented on side two of the audiocassette How 
To Reduce Test Anxiety (Nolting, 1986). Cue-con- 
trolled relaxation means you can induce your own 
relaxation based on repeating certain cue words to 
yourself. In essence, you are taught to relax and then 
silently repeat cue words, such as “I am relaxed.” 

After enough practice, you can relax during 
math tests. The cue-controlled relaxation technique 
has worked with thousands of students. For a better 
understanding of test anxiety and how to reduce it, lis- 
ten to How to Reduce Test Anxiety (Nolting, 1986). 
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Negative Self-Talk 


Negative self-talk is a form of worry (cognitive) 
anxiety. This type of worrying can interfere with 
your test preparation and can keep you from con- 
centrating on the test. Worrying can motivate you 
to study, but too much worrying may prevent you 
from studying at all. 

Negative self-talk is defined as the negative state- 
ments you tell yourself before and during tests. Nega- 
tive self-talk causes students to lose confidence and 
to give up on tests. Further, it can give you an inap- 
propriate excuse for failing math and cause you to 
give up on learning math. 

Students need to change their negative self-talk 
to positive self-talk without making unrealistic state- 
ments. 

Positive self-statements can improve your study- 
ing and test preparation. During tests, positive self- 
talk can build confidence and decrease your test 
anxiety. These positive statements (see examples 
on the next page) can help reduce your test anxi- 
ety and improve your grades. Some more ex- 
amples of positive self-statements are on the cas- 
sette How to Reduce Test Anxiety (Nolting, 1986). 
Before the test, make up some positive statements 
to tell yourself. 


Thought-Stopping Techniques 


Some students have difficulty stopping their 
negative self-talk. These students cannot just tell 
themselves to eliminate those thoughts. These stu- 
dents need to use a thought-stopping technique to 
overcome their worry and become relaxed. 

Thought stopping involves focusing on the un- 
wanted thoughts and, after a few seconds, suddenly 
stopping those thoughts by emptying your mind. Us- 
ing the command “Stop!” or a loud noise like clap- 
ping your hands can effectively interrupt the negative 
self-talk. In a homework situation, you may be able to 
use a loud noise to stop your thoughts, but don’t use it 
during a test. 

To stop your thoughts in the classroom or dur- 
ing a test, silently shout to yourself “Stop!” or “Stop 
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thinking about that.” After your silent shout, either 
relax yourself or repeat one of your positive self-talk 
statements. You may have to shout to yourself sev- 
eral times during a test or while doing homework to 
control negative self-talk. After every shout, use a 
different relaxation technique/scene or positive self- 
talk statement. 


Examples of Negative Self-Talk: 


“No matter what I do, I will not pass this course.” 

“I failed this course last semester, and I will fail it 
again.” 

“I am no good at math, so why should I try?” 

“I cannot do it; I cannot do the problems, and I am 
‘going to fail this test.” 

“I have forgotten how to do the problems, and | 
am going to fail.” 

“I am going to fail this test and never graduate.” 

“If I can’t pass this test, I am too dumb to learn 

math and will flunk out.” 


Examples of Positive Self-Talk: 


“I failed the course last semester, but I can now 
use my math study skills to pass this course.” 

“I went blank on the last test, but I now know how 
to reduce my test anxiety.” 

“I know that my poor math skills are due to poor 
study skills, not my own ability, and since I 
am working on my study skills, my math skills 
will improve.” 

“I know that with hard work, I will pass math.” 

“I prepared for this test and will do the best I can. 
I will reduce my test anxiety and use the best 
test-taking procedures. I expect some prob- 
lems will be difficult, but I will not get dis- 
couraged.” 

“I am solving problems and feel good about my- 
self. Iam not going to worry about that diffi- 
cult problem; I am going to work the prob- 
lems that I can do. I am going to use all the 
test time and check for careless errors. Even 
if 1 do not get the grade I want on this test, it 
is not the end of the world.” 
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Thought stopping works because it interrupts — 


the worry response before it can cause high nega- 
tive emotions. During that interruption, you can re- 
place the negative self-talk with positive statements 


or relaxation. However, students with high worry | 


anxiety should practice this technique three days to 
one week before taking a test. Contact your counse- 
lor if you have additional questions about the thought- 
stopping techniques. 


if 
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Describe your best short-term relaxation technique. 


You can use the palming method by closing your 
eyes and visualizing a scene without putting your 
hands to your face. Describe a very relaxing scene 
that you could visualize. Make sure to include some 
sounds and visual images in your scene. 


Practice your relaxation scene for three to five 
minutes for the next five days. List the times and 
dates you practiced your scene. 


Date: Time: 
Date: Time: 
Date: Time: 
Date: Time: 
Date: Time: 
4. How does negative self-talk cause you to have text 


anxiety? 
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5. Make up three positive self-talk statements that 
are not listed in this text. 


Statement 1: 


Statement 2: 


Statement 3: 


6. Describe the thought-stopping technique in your 
own words. 


7. What words will you use as your silent shout? 


8. What will you do after your silent shout? 


9. How does the thought-stopping technique work? 
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Bn Chapter 3 Review ch, 


. Reducing math test anxiety 


guarantee good math grades. 


. Test anxiety is a response; a per- 
son is not with it. 
. Math test anxiety involves q 


and 


of math tests. 


. One cause of test anxiety is that a student goes 


to the board to work a problem but is called 
when he or she cannot work the 
problem. 


.The two basic types of test anxiety are 


and 


.The effects of test anxiety range from a 


” ona test to 
homework. 


. The and 


method helps you relax 


by tensing and relaxing your muscles all at once.. 


. The palming method is a 


procedure used to reduce text anxiety. 


Negative self-talk is a form of anxiety. 


10. Thought stopping works because it interrupts the 


response before it can cause 
emotions. 


What is the most important information you learned 


from this chapter? 


How can you immediately use it? 


How to 
Improve 


Your Listening 
and 
Note-Taking 
Skills 


Listening and note-taking skills in a math class are 
very important, since most students either do not 
read the math text or have difficulty understanding 
it. In most of your other classes, if you do not un- 
derstand the lecture, you can read the text and get 
almost all the information. In math class, however, 
the instructor can usually explain the textbook bet- 
ter than the students can read and understand it. 

Students who do not have good listening skills 
or note-taking skills will be at a disadvantage in learn- 
ing math. Most math understanding takes place in 
the classroom. Students must learn how to take ad- 
vantage of learning math in the classroom by becom- 
ing effective listeners, calculator users, and 
notetakers. 

In this chapter you will learn 


— howto become an effective listener, 
— howto become a good notetaker, 
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— when to take notes, 
— the seven steps to math note-taking, and 
— howto rework your notes. 


How to become 
an effective listener 


Becoming an effective listener is the foundation 
for good note-taking. You can become an effective 
listener using a set of skills that you can learn and 
practice. To become an effective listener, you must 
prepare yourself both physically and mentally. 


Sitting in the Golden Triangle 


The physical preparation for becoming an ef- 
fective listener involves where you sit in the class- 
room. Sit in the best area to obtain high grades, 
that is, in “the golden triangle of success.” The golden 
triangle of success begins with seats in the front row 
facing the instructor’s desk (see Figure 3 on the next 
page). 

Students seated in this area (especially in the 
front row) directly face the teacher and are most 
likely to pay attention to the lecture. This is a great 
seating location for visual learners. There is also 
less tendency for them to be distracted by activities 
outside the classroom or by students making noise 
within the classroom. 

The middle seat in the back row is another point 
in the golden triangle for students to sit, especially 
those who are auditory (hearing) learners. You can 
hear the instructor better because the instructor’s 
voice is projected to that point. This means that there 
is less chance of misunderstanding the instructor, and 
you can hear well enough to ask appropriate ques- 
tions. 

By sitting in the golden triangle of success, you 
can force yourself to pay more attention during class 
and be less distracted by other students. This is 
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very important for math students because math in- 


structors usually go over a point once and continue, 


on to the next point. If you miss that point in the 
lesson, then you could be lost for the remainder of 
the class. 


Warming Up for Math Class 


The mental preparation for note-taking involves 
“warming up” before class begins and becoming an 
active listener. Just as an athlete must warm up 
before a game begins, you must warm up before tak- 
ing notes. Warm up by 


— reviewing the previous day’s notes, 
— reviewing the reading material, 
— reviewing the homework, 
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— preparing questions, and 
— working one or two unassigned homework prob- 
lems. 


This mental warm up before the lecture allows 
you to refresh your memory and prepare pertinent 
questions, making it easier to learn the new lecture 
material. 


How to Become an Active Listener 


Becoming an active listener is the second part 
of the mental preparation for note-taking. 

Do not anticipate what the instructor is going 
to say or immediately judge the instructor’s infor- 
mation before the point is made. This will distract 
you from learning the information. 


Figure 3 


The Golden Triangle of Success 


Instructor 


Visual learners 


Auditory Learners 


Back of the Classroom 
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Examples: Watch the speaker, listen for main 
ideas, and nod your head or say to yourself, “I 
understand,” when agreeing with the instructor. 


Expend energy looking for interesting topics in 
the lecture. When the instructor discusses informa- 
tion that you need to know, immediately repeat it to 
yourself to begin the learning process. 

You can practice this exercise by viewing math 
videotapes and repeating important information. 
This is an especially good learning technique for au- 
ditory learners. 


Remember: Class time is an intense study 
period that should not be wasted. 


Listening and Learning 


Some students think that listening to the in- 
structor and taking notes is a waste of valuable time. 
Students too often sit in class and use only a frac- 
tion of their learning ability. Class time should be 
considered a valuable study period where you can 
listen, take notes, and learn at the same time. One 
way to do this is by memorizing important facts when 
the instructor is talking about material you already 
know. Another technique is to repeat back to your- 
self the important concepts right after the instruc- 
tor says them in class. Using class time to learn 
math is an efficient learning system. 


— Section Review — (NX 


1. Explain how sitting in the golden triangle of suc- 
cess makes you a better listener. 


2. List five ways you can warm up before math class 
begins. 


Way 1: 


Way 4: 


Way 5: 


3. Select your best warm-up process and try it be- 
fore your next math class. What was your warm- 
up process, and how did it help you? 


4, How can you listen and learn at the same time? 
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How to become 
a good notetaker 


Becoming a good notetaker requires two basic 
strategies. One strategy is to be specific in detail. 
In other words, copy the problems down, step by step. 
The second strategy is to understand the general 
principles, general concepts, and general ideas. 


Copying from the Board 


While taking math notes, you need to copy each 
and every step of the problem even though you may 
already know every step of the problem. While in 
the classroom, you might understand each step, but 
a week later you might not remember how to do the 
problem unless all the steps were written down. In 
addition, as you write down each step, you are memo- 
rizing it. Make sure to copy every step for each 
problem written on the board. 

There will be times when you will get lost while 
listening to the lecture. Nevertheless, you should 
keep taking notes, even though you do not under- 
stand the problem. This will provide you with a ref- 
erence point for further study. Put a question mark 
(?) by those steps that you do not understand; then, 
after class, review the steps you did not understand 
with the instructor, your tutor, or another student. 


Taking Notes 


The goal of note-taking is to take the least 
amount of notes and get the greatest amount of in- 
formation on your paper. This could be the opposite 
of what most instructors have told you. Some in- 
structors tell you to take down everything. This is 
not necessarily a good note-taking system, since it is 
very difficult to take precise, specific notes while 
trying to understand the instructor. 

What you need to develop is a note-taking sys- 
tem in which you write the least amount possible and 
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get the most information down while still understand- 
ing what the instructor is saying. 


Develop an Abbreviation List 


To reduce the amount of written notes, an ab- 
breviation system is needed. An abbreviation sys- 
tem is your own system of reducing long words to 
shorter versions that you still can understand. By writ- 
ing less, you can listen more and have a better under- 
standing of the material. 


Example: When the instructor starts explaining 
the commutative property, you need to write “com- 


mutative property” out the first time. After that, 
use “COM.” You should develop abbreviations for 
all the most commonly used words in math. 


Figure 4 on the next page provides a list of 
abbreviations. Add your own abbreviations to this 
list. By using abbreviations as much as possible, 
you can obtain the same meaning from your notes 
and have more time to listen to the instructor. 


When to 
take notes 


To become a better notetaker, you must know | 
when to take notes and when not to take notes. The | 
instructor will give cues that indicate what material . 
is important. These cues include 


— presenting usual facts or ideas, 

— writing on the board, 

— summarizing, 

— pausing, 

— repeating statements, 

— enumerating, such as “1, 2, 3” or “A, B, C,” | 

— working several examples of the same type of | 
problem on the chalkboard, | 


Figure 4 
Abbreviations 


E.G. (for example) 
CF. (compare, remember in context) 
N.B. (note well, this is important) 
.. (therefore) 
(because) 
> (implies, it follows from this) 
> (greater than) 
< (less than) 
= (equals, is the same) 
# (does not equal, is not the same) 
() (parentheses in the margin, around a sentence 
wen of sentences, indicates an important 


? (used to indicate you do not understand the’ 
material) 


0 (a circle around a word vey indicate that you are 
not familiar with it; look it up) 


E (marks important materials likely to be used in 
an exam) 


1,2, 3, 4 (to indicate a series of facts) 


D (shows disagreement with statement or pas- 
sage) 


REF (reference) 

et al. (and others) 
bk (book) 

p (page) 

etc. (and so forth) 
V (see) 

VS (see above) 

SC (namely) 

SQ (the following) 
Com. (commutative) 
Dis. (distributive) 
APA (associative property of addition) 


Al (additive inverse) 
IPM (identity property of multiplication) 
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— saying, “This is a tricky problem.” Most students 
will miss it (for example, 5/0 is “undefined” in- 
stead of “zero”). 

— saying, “This is the most difficult step in the 
problem,” 

— indicating that certain types of problems will be 
on the test, such as coin or age problems, and 

— explaining bold-face words. 


You must learn the cues your instructor gives 
to indicate important material. If you are in doubt 
about the importance of the class material, do 
not hesitate to ask the instructor about its im- 
portance. 

While taking notes, you may become confused 
about math material. At that point, take as many notes 
as possible, and do not give up on note-taking. 

As you take notes on confusing problem steps, 
leave extra space; then go back and fill in informa- 
tion that clarifies your misunderstanding of the steps 
in question. Ask your tutor or instructor for help 
with the uncompleted problem steps, and write down 
the reasons for each step in the space provided. 

Another procedure to save time while taking 
notes is to stop writing complete sentences. Write 
your main thoughts in phrases. Phrases are easier 
to jot down and easier to memorize. 


~D 


1.. Note-taking requires two basic strategies: 


— Section Review— cS 


and 


2. List five abbreviations (and their meanings) that 
you use in your math class (one abbreviation and 
meaning per line). 
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3. List five cues that your instructor gives that indi- 
cate what material is important (one cue per line). 


The seven steps to 
math note-taking 


The key to effective note-taking is to record the 
fewest words while retaining the greatest informa- 
tion. As you know, it is very difficult to record notes 
and at the same time fully understand the instruc- 
tor. The seven steps to math note-taking were devel- 
oped to decrease the amount of note-taking while at 
the same time improving math learning. 

The seven steps to math note-taking consists 
of three major areas. The first area, steps 1 through 
3, focuses on recording your notes. Steps 4 through 
6 focus on checking yourself to see how much infor- 
mation is retained. This is done by recalling key words 
and concepts and putting a check mark by misunder- 

‘ stood information. Recalling information is one of the 
best learning techniques. Step 7 focuses on under- 
standing key words and concepts that are frequently 
used. 


Note-Taking Memory Cues 


One of the best math note-taking methods is 
demonstrated in Figure 5 (Modified Three-Column 
Note-Taking Sample) on the facing page. To use this 
effective note-taking system, you need to record a 
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few memory cues as reminders. Label the top space 
between the notebook ring and the red line “Key 
Words.” Label the other side of the red line “Ex- 
amples.” Next, label “Explanations/ Rules” about 4 
inches from the red line. Draw a vertical line be- 
tween the “Examples” and “Explanations/Rules” 
sections. Record the same information on the next 
ten pages. After using this system for ten pages, 
you may not need to label each page. 
Follow these steps to improve your note-taking: 


Step 1 Record each problem step in the “Examples” 
section. 


Step 2 Record the reasons for each step in the “Ex- 
planations/Rules” section by using 


— abbreviations, 
— short phrases, not sentences, and 
— key words, properties, principles, or formulas. 


Step 3 Record key words and concepts in the left 2- 
inch margin either during or immediately after 
lecture by reworking your notes. 


Step 4 Cover up the “Examples” and “Explanations/ 
Rules” sections, and recite out loud the mean- 
ing of the key words or concepts. 


Step 5 Place a check mark by the key words and 
concepts that you did not know. 


Step 6 Review the information that you checked 
until it is understood. 


Step 7 Develop a math glossary for difficult-to-re- 
member key words and concepts. 


A Math Glossary 


The third area of focus in the seven steps to math 
note-taking is devoted to developing a math glossary. 
The math glossary is created to define a math vo- 
cabulary in your own words. Since math is consid- 


Key Words 
Natural numbers 


Whole numbers 


Integers 


Rational 
Numerator 


Denominator 


Terminating 
decimal 


Repeating decimals 


Pi, irrational number 
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Figure 5 


basy 4p bashes 


Oj glesD 3 eA pair, 


a en 


-n 
Ifn=s, 
then-n=-s 

- (-10) = 10 

- (-15)(-15) = -15 
Opposite of 
-xis x 


Rational numbers are fractions (%, 
VY, %/), 


numerator/denominator 
N/D 


41.5, 45.0, 7, 1576, 0.39, are ter- 
minating decimals 


0.333, 0.51515151 = 0.51 


mt = 3.14159 but does not repeat 
and is not a rational number. It is 
irrational. 
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Modified Three-Column Note-Taking Sample 


Explanations/Rules 
You can count them. 
Natural numbers and zero 
Negative numbers and whole num- 
bers 


Opposite of any number 


Count the number of signs; 
even means +, odd means - 


A/B, B/0 is rational 
Division by 0 undefined 


Numerator on top 
Denominator on bottom 
(D = Down) 


Decimal numbers 
Some are rational numbers, some 
are not rational numbers. 


A repeating decimal = rational 
number 


Irrational numbers do not repeat. 


52 


Key Words 


Figure 5 
Modified Three-Column Note-Taking System 
(Blank) 
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Explanations/Rules 
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ered a foreign language, understanding the math vo- 
cabulary becomes the key to comprehending math. 
Creating a glossary for each chapter of your text- 
book will help you understand math. 

Your glossary should include all words printed 
in bold face in the text and any words you do not 
understand. If you cannot explain the math vocabu- 
lary in your own words, ask your instructor or tutor 
for help. You may want to use the last pages in your 
notebook to develop a math glossary for each chap- 
ter in your textbook. Review your math glossary 
before each test. 


@y —Section Review— (cS 


1. List and describe the seven steps to note-taking. 


Step 1: 
Step 2: aaetaies JPscbae Laat One ot 
Step 3: 
Step 4: 


Step 5: 


Step 6: 


nee UU UE EEE EIIERIENEIIEEEERRINNNSE EERE 


Step 7: 


2. Make several copies of the facing page (the modi- 
fied three-column note-taking system, and take 
notes using this system in your next math class. 
Or develop the modified three-column note-tak- 


ing system in your own notebook. 


3. List two benefits of a math glossary. 


Benefit 1: 


Benefit 2: 


4. From your current math chapter, list and define 
five words that you can put in your math glossary. 


Word 1: eri nen sa 
Word. 2peus «at lo in Mee py od i eee 
Word 3: 
Word 4: 


Word 5: 


How to rework 
your notes 


The note-taking system does not stop when you 
leave the classroom. As soon as possible after class, 
rework your notes. You can rework the notes be- 
tween classes or as soon as you get home. By re- 
working your notes as soon as possible, you can de- 
crease the amount of forgetting. This is an excellent 
procedure to transfer math information from short- 
term memory to long-term memory. 
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Remember: Most forgetting occurs right 
after learning the material. You need to 
rework the notes as soon as possible. Wait- 
ing means that you probably will not un- 
derstand what was written. 


Here are important steps in reworking your 
notes: 


Step 1 Rewrite the material you cannot read or 
will not be able to understand a few weeks later. 
If you do not rework your notes, you will be 
frustrated when studying for a test if you come 
across notes you cannot read. Another benefit 
of rewriting the notes is that you immediately 
learn the new material. Waiting means it will 
take more time to learn the material. 


Step 2 Fill in the gaps. Most of the time, when you 
are listening to the lecture, you cannot write 
down everything. It is almost impossible to 
write down everything, even if you know short- 
hand. Locate the portions of your notes that 
are incomplete. Fill in the concepts that were 
left out. In the future, skip two or three lines 
in your notebook page for anticipated lecture 
gaps. 


Step 3 Add additional key words and ideas in the 
left-hand column. These key words or ideas were 
the ones not recorded during the lecture. 


Example: You did not know that you should add 
the opposite of 18 to solve a particular problem, 
and you incorrectly added 18. Put additional im- 


portant key words and ideas (such as “opposite” 
and “negative of”) in the notes; these are the 
words that will improve your understanding of 
math. 


Step 4 Make a problem log on those problems that 
the teacher worked in class. The problem log 
is a separate section of your notebook that con- 
tains a listing of the problems (without expla- 
nations — just problems) that your teacher 
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worked in class. If your teacher chose those 
problems to work in class, you can bet that they 
are considered important. The problems in this 
log can be used as a practice test for the next 
exam. Your regular class notes will not only 
contain the solutions but also all the steps in- 
volved in arriving at those solutions and can 
be used as a reference when you take your prac- 
tice test. 


Step 5 Make a calculator handbook and put in it 
your keystroke sequences. The calculator hand- 
book can be a spiral-bound set of note cards or 
a separate section of your notebook that holds 
only calculator-related information. Your hand- 
book should also include an explanation of when 
that particular set of keystrokes is to be used. 


Step 6 Reflection and synthesis. Once you have 
finished going over your notes, review the ma- 
jor points in your mind. Combine your new notes 
with your previous knowledge to have a better un- 
derstanding of what you have learned today. 


Use a Tape Recorder 


If you have a math class during which you can- 
not get all the information down while listening to 
the lecture, ask your instructor about using a tape 
recorder. To ensure success, the tape recorder must 
have a tape counter and must be voice activated. 

The tape counter displays a number indicating 
the amount of tape to which you have listened. When 
you find you are in an area of confusing information, 
write the beginning and ending tape counter num- 
ber in the left margin of your notes. When review- 
ing your notes, the tape count number will be a ref- 
erence point for obtaining information to work the 
problem. You can also reduce the time it takes to 
listen to the tape by using the pause button to stop 
the recording of unnecessary material. 
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Ask Questions 


To obtain the most from a lecture, you must 
ask questions in class. By asking questions, you 
improve your understanding of the material and 
decrease your homework time. By not asking ques- 
tions, you create for yourself unnecessary confusion 
during the remainder of the class period. Also, it is 
much easier to ask questions in class about poten- 
tial homework problems than it is to spend hours 
trying to figure out the problems on your own at a 
later time. 

If you are shy about asking questions in class, 
write down the questions and read them to your in- 
structor. If the instructor seems confused about the 
questions, tell him or her that you will discuss the 
problem after class. To encourage yourself to ask 
questions, remember that 


— you have paid for the instructor’s help, 

— five other students probably have the same ques- 
tion, 

— the instructor needs feedback on his or her teach- 
ing to help the class learn the material, and 

— there is no such thing as a “stupid” question. 


Record Each Problem Step 


The final suggestion in note-taking is to record 
each step of every problem written or verbally ex- 
plained. By recording each problem step, you begin 
overlearning how to work the problems. This will 
increase your problem-solving speed during future tests. 
If you get stuck on the homework, you will also have 
complete examples to review. 

The major reason for recording every step of a 
problem is to understand how to do the problems 
while the instructor is explaining them instead of try- 
ing to remember unwritten steps. Although it may 
seem time consuming, it pays off during homework 
and test time. 


Ay 


ey 


— Section Review — 


1. List and describe the six steps to reworking your 
notes. 
Step 1: 
Step 2: 
Step 3: 
Step 4: 


Step 5: 


Step 6: 


2. How can using a tape recorder in class improve 


your learning? 


3. List three reasons for asking questions in class. 


Reason 1: 


Reason 2: 
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Reason 3: 


4. What is the major reason for recording each prob- 
lem step? 


| 
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Lecture Notes 
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= Name: 
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1. Sitting in the golden triangle of success can help 
you pay more during 
class. 


2.Class time is an intense 
that should not be 
wasted. 


3. Auditory learners should review the math video- 
tape and back the important 
information. 


4.The goal of note-taking is to take the 
amount of notes and get the 
amount of information. 


5. Using abbreviations can help you write 
and listen 


6. Your should include any 
words you don’t know and their explanations. 


7. Rework your notes to transfer information from 
—_ memory to - 
memory. 


8.A AS SS eis alsepa- 
rate section in your notebook that contains prob- 
lems that your teacher worked in class. 


9, Asking in class will improve 
your understanding and decrease your homework 
time. 


10. how to work problems 
will increase your problem-solving speed and 
memory. 


Chapter 4 Review 


Date: 


cy 


What is the most important information you learned 
from this chapter? 


How can you immediately use it? 


Chapter 5 


How to Improve 
Your Reading, 
Homework, 
and Study 
Techniques 


Reading a math textbook is more difficult than read- 
ing other textbooks. Math textbooks are written dif- 
ferently than your English or social science text- 
books. Math textbooks contain condensed material 
and therefore take longer to read. 

Mathematicians can reduce a page of writing to 
one paragraph using math formulas and symbols. 
To make sure you understood that same information, 
an English instructor would take that original page 
of writing and expand it into two pages. Mathemati- 
cians pride themselves on how little they can write 
and still cover the concept. This is one reason it 
may take you two to three times as long to read your 
math text as it would any other text. 


Remember: Reading your math text will 
take longer than reading your other texts. 
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their homework; however, most math students do not 
have a homework system. Most students begin their 
homework by going directly to the problems and try- 
ing to work them. When they get stuck, they usually 
quit. This is not a good homework system. A good 
homework system will improve your homework suc- 
cess and math learning at the same time. 
In this chapter, you will learn 


— how to read a math textbook, 

— how to do your homework, 

— how to solve word problems, 

— how to work with a study buddy. 


How to read 
a math textbook 


The way you read a math textbook is different 
from the traditional way students are taught to read 
textbooks in high school or college. Students are 
taught to read quickly or skim the material. If you 
do not understand a word, you are supposed to keep 
on reading. Instructors of other courses want stu- 
dents to continue to read so they can pick up the 
unknown words and their meanings from context. 

This reading technique may work with your 
other classes, but using it in your math course will be 
totally confusing. By skipping some major concept 
words or bold-face words, you will not understand the 
math textbook or be able to do the homework. Read- 
ing a math textbook takes more time and concentra- 
tion than reading your other textbooks. 

If you have a reading problem, it would be wise 
to take a developmental reading course before tak- 
ing math. This is especially true with reformed math 
courses, where reading and writing are emphasized. 

Reform math classes deal more with word prob- 
lems than do traditional math courses. If you can- 
not take the developmental reading course before 


» taking math, then take it during the same semester 


Math students are expected to know how to do 


as the math course. 
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Eight Steps to Understanding 
Reading Materials 


There are several appropriate steps in reading 
a math textbook: 


Step 1 Skim the assigned reading material. Skim 
the material to get the general idea about the 
major topics. Read the chapter introduction 
and each section summary. You do not want 
to learn the material at this time; you simply 
want to get an overview of the assignment. 
Then think about similar math topics that you 
already know. 


Example: Skimming will allow you to see if prob- 


lems presented in one chapter section are further 
explained in later chapter sections. 


Step 2 As you skim the chapter, circle (using pen- 
cil) the new words that you do not understand. 
If you do not understand these new words after 
reading the assignment, then ask the instruc- 
tor for help. Skimming the reading assign- 
ments should take only five to ten minutes. 


Step 3 Put all your concentration into reading. While 
reading the textbook, highlight the material that 
is important to you. However, do not highlight 
more than 50 percent of a page because the ma- 
terial is not being narrowed down enough for fu- 
ture study. Especially highlight the material that 
is also discussed in the lecture. Material discussed 
in both the textbook and lecture usually appears 
on the test. The purpose of highlighting is to 
emphasize the important material for future study. 
Do not skip reading assignments. 


Remember: Reading a math textbook is very 
difficult. It might take you half an hour to 
read and understand just one page. 


Step 4 When you get to the examples, go through 
each step. If the example skips any steps, make 
sure you write down each one of those skipped 
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steps in the textbook for better understanding. | 
Later on, when you go back and review, the 
steps are already filled in. You will understand 
how each step was completed. Also, by filling 
in the extra steps, you are starting to overlearn 
the material for better recall on future tests. 


Step 5 Mark the concepts and words that you do 


not know. Maybe you marked them the first 
time while skimming. If you understand them 
now, erase the marks. If you do not understand 
the words or concepts, then reread the page or 
look them up in the glossary. Try not to read 
any further until you understand all the words 
and concepts. 


Step 6 Ifyou do not clearly understand some words 


or concepts, add these words to the note-tak- — 
ing glossary in the back of your notebook. 
Your glossary will contain the bold-face words 
that you do not understand. If you have diffi- 
culty understanding the bold-face words, ask 
the instructor for a better explanation. You 
should know all the words and concepts in your 
notebook’s glossary before taking the test. 


Step 7 If you do not understand the material, fol- 


low these eight points, one after the other, until 
you do understand the material: 


Point 1 — Go back to the previous page and 
reread the information to maintain a train 
of thought. 


Point 2— Read ahead to the next page to 
discover if any additional information bet- 
ter explains the misunderstood material. 


Point 3 — Locate and review any diagrams, 
examples, or rules that explain the misun- 
derstood material. 


Point 4 — Read the misunderstood 
paragraph(s) several times aloud to better 
understand their meaning. 
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Point 5 — Refer to your math notes for a 
better explanation of the misunderstood 
material. 


Point 6 — Refer to another math textbook, 
computer software program, or videotape 
that expands the explanation of the misun- 
derstood material. 


Point 7 — Define exactly what you do not 
understand and call your study buddy for 
help. 


Point 8 — Contact your math tutor or math 
instructor for help in understanding the 
material. 


Step 8 Reflect on what you have read. Combine 
what you already know with the new informa- 
tion that you just read. Think about how this 
new information enhances your math knowl- 
edge. Prepare questions for your instructor on 
the confusing information. Ask those questions 
at the next class meeting. 


By using this reading technique, you have nar- 
rowed down the important material to be learned. 
You have skimmed the textbook to get an overview 
of the assignment. You have carefully read the mate- 
rial and highlighted the important parts. You then 
added to your note-taking glossary unknown words 
or concepts. 


Remember: The highlighted material 
should be reviewed before doing the home- 
work problems, and the glossary has to be 
learned 100 percent before taking the test. 


How Reading Ahead Can Help 


Reading ahead is another way to improve learn- 
ing. If you read ahead, do not expect to understand 
everything. Read ahead two or three sections and 
put question marks (in pencil) by the material you 


do not understand. 

When the instructor starts discussing that ma- 
terial, have your questions prepared and take good 
notes. Also, if the lecture is about to end, ask the 
instructor to explain the confusing material in the 
textbook. Reading ahead will take more time and 
effort, but it will better prepare you for the lectures. 


How to Establish Study Period Goals 


Before beginning your homework, establish 
goals for the study period. Do not just do the home- 
work problems. 

Ask yourself this question: “What am I going to 
do tonight to become more successful in math?” 

By setting up short-term homework goals and 
reaching them, you will feel more confident about math. 
This also improves your self-esteem and helps you be- 
come a more internally motivated student. Set up home- 
work: tasks that you can complete. Be realistic. 

Study period goals are set up either on a time- 
line basis or an item-line basis. Studying on a time-line 
basis is studying math for a certain amount of time. 


Example: 


You may want to study math for an 
hour, then switch to another subject. You will 
study on a time-line basis. 


Studying on an item-line basis means you will 
study your math until you have completed a certain 
number of homework problems. 


Example: You might set a goal to study. math 
until you have completed all the odd-numbered 
problems in the chapter review. The odd-num- 
bered problems are the most important problems 
to work. These, in most texts, are answered in 


the answer section in the back of the book. Such 
problems provide the opportunity to recheck your 
work if you do not get the answer correct. Once 
you have completed these problems, do the even- 
numbered problems. 
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No matter what homework system you use, re- 2. After trying each of the eight steps to reading 


member this important rule: Always finish a home- 
work session by understanding a concept or doing a 
homework problem correctly. 

Do not end a homework session with a problem 
you cannot complete. You will lose confidence, since 
all you will think about is the last problem you could 
not solve instead of the 50 problems you correctly 
solved. If you did quit on a problem you could not solve, 
return and rework problems you have done correctly. 


Remember: Do not end your study period 
with a problem you could not complete. 


£y 


1. List and describe the eight steps to reading a math 
textbook. 


— Section Review — 


Step 1: 


Step 2: 


Step 3: 


Step 4: 


Step 5: 


Step 6: 


Step 7: 


Step 8: 


your math text, make up, list, and try your own 
condensed version. 


Step 1: 


Step 2: 


Step 3: 


Step 4: 


Step 5: 
Step 6: 
Step 7: 


Step 8: 


List two reasons why reading ahead can improve 
your learning. 


Reason 1: 


Reason 2: 


. Describe the two types of study period goals. 


Which one do you use? 


Type 1: 
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How to do 
your homework 


Doing your homework can be frustrating or re- 
warding. Most students jump right into their home- 
work, become frustrated, and stop studying. These 
students usually go directly to the math problems 
and start working them without any preparation. 
When they get stuck on one problem, they flip to 
the back of the text for the answer. Then they ei- 
ther try to work the problem backward to understand 
the problem steps or they just copy down the answer. 

Other students go to the solution guide and just 
copy the steps. After getting stuck several times, 
these students will inevitably quit doing their home- 
work assignment. Their homework becomes a frus- 
trating experience, and they may even quit doing 
their math homework altogether. 


10 Steps to Doing Your Homework 


To improve your homework success and learn- 
ing, refer to these ten steps: 


Step 1 Review the textbook material that relates to 
the homework. A proper review will increase 
the chances of successfully completing your 
homework. If you get stuck on a problem, you 
will have a better chance of remembering the 
location of similar problems. If you do not re- 
view prior to doing your homework, you could 
get stuck and not know where to find help in 
the textbook. 


Remember: To be successful in learning 
the material and in completing homework 
assignments, you must first review your 
textbook. 


Step 2 Review your lecture notes that relate to 
the homework. If you could not understand 
the explanation in the textbook on how to 


complete the homework assignment, then re- 
view your notes. 


Remember: Reviewing your notes will give 
you a better idea about how to complete 
your homework assignment. 


Step 3 Do your homework as neatly as possible. 
Doing your homework neatly has several ben- 
efits. When approaching your instructor about 
problems with your homework, he or she will 
be able to understand your previous attempts 
to solve the problem. The instructor will easily 
locate the mistakes and show you how to cor- 
rect the steps without having to decipher your 
handwriting. Another benefit is that when you 
review for midterm or final exams, you can quickly 
relearn the homework material without having 
to decipher your own writing. 


Remember: Neatly prepared homework 
can help you now and in the future. 


Step 4 When doing your homework, write down 
every step of the problem. Even if you can do 
the step in your head, write it down anyway. This 
will increase the amount of homework time, but 
you are overlearning how to solve problems, which 
improves your memory. Doing every step is an 
easy way to memorize and understand the mate- 
rial. Another advantage is that when you rework 
the problems you did wrong, it is easy to review 
each step to find the mistake. 


Remember: In the long run, doing every 
step of the homework will save you time and 
frustration. 


Step 5 Understand the reasons for each problem 
step and check your answers. Do not get into 
the bad habit of memorizing how to do prob- 
lems without knowing the reasons for each step. 
Many students are smart enough to memorize 
procedures required to complete a set of home- 
work problems. However, when similar home- 
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work problems are presented on a test, the stu- 
dent cannot solve the problems. To avoid this 
dilemma, keep reminding yourself about the rules, 
laws, or properties used to solve problems. 


Example: Problem: 2(a + 5) = 0. What property 
allows you to change the equation to 2a + 10 = 0? 
Answer: The distributive property. 


Once you know the correct reason for going 
from one step to another in solving a math problem, 
you can solve any problem requiring that property. Stu- 
dents who simply memorize how to do problems in- 
stead of understanding the reasons for correctly work- 
ing the steps will eventually fail their math course. 


How to Check Your Answers 


Checking your homework answers should be 
part of your homework duties. Checking your an- 
swers can improve your learning and help you pre- 
pare for tests. 

Check the answers of the problems for which 
solutions are not given. This may be the even-num- 
bered or odd-numbered problems or the problems 
not answered in the solutions manual. 

First, check your answer by estimating the cor- 
rect answer. 


Example: If you are multiplying 2.234 by 5.102, 


Remember that 2 times 5 is 10. The answer 
should by a little over 10. 


You can also check your answers by substitut- 
ing the answer back into the equation or doing the 
opposite function required to answer the question. 
The more answers you check, the faster you will be- 
come. This is very important because increasing 
your answer-checking speed can help you catch more 
careless errors on future tests. 


Step 6 Jf you do not understand how to do a prob- 
lem, refer to the following points: 
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Point 1 — Review the textbook material that 
relates to the problem. 


Point 2 — Review the lecture notes that re- 
late to the problem. 


Point 3 — Review any similar problems, dia- 
grams, examples, or rules that explain the 
misunderstood material. 


Point 4 — Refer to another math textbook, 
solutions guide, math computer program 
software, or videotape to obtain a better 
understanding of the material. 


Point 5 — Call your study buddy. 


Point 6 — Skip the problem and contact 
your tutor or math instructor as soon as 
possible for help. 


Step 7 Always finish your homework by success- 
fully completing problems. Even if you get 
stuck, go back and successfully complete previ- 
ous problems before quitting. You want to end 
your homework assignment with feelings of suc- 
cess. 


Step 8 After finishing your homework assignment, 
recall to yourself or write down the most im- | 
portant learned concepts. Recalling this infor- 
mation will increase your ability to learn these 
new concepts. Additional information about step 
8 will be presented later in this chapter. 


Step 9 Make up note cards containing hard-to-re- 
member problems or concepts. Note cards are an 
excellent way to review material for a test. More | 
information on the use of note cards as learning 
tools is presented later in this chapter. 


Step 10 Do not fall behind. As mentioned in Chap- _ 
ter 1, math is a sequential learning process. If 
you get behind, it is difficult to catch up be- 
cause each topic builds on the next. It would — 
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be like going to Spanish class without learning 
the last set of vocabulary words. The teacher 
would be talking to you using the new vocabu- 
lary, but you would not understand what was be- 
ing said. 


Do Not Fall Behind 


To keep up with your homework, it is necessary 
to complete the homework every school day and even 
on weekends. Doing your homework one-half hour 
each day for two days in a row is better than one 
hour every other day. 

If you have to get behind in one of your courses, 
make sure it is not math. Fall behind in a course 
that does not have a sequential learning process, such 
as psychology or history. After using the ten steps to 
doing your homework, you may be able to combine 
two steps into one. Find your best combination of 
homework steps and use them. 


Remember: Getting behind in math home- 
work is the fastest way to fail the course. 


fy —Section Review-— cc 


1. List the ten steps to doing your math homework. 


Step 1: 


Step 2: 


Step 3: 
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Step 6: 
Step 7: 
Step 8: 
Step 9: 


Step 10: 


After trying the ten steps to doing your math home- 
work, make up, list, and try your own condensed 
version. 
Step 1: 
Step 2: 
Step 3: 
Step 4: 


Step 5: 


Step 6: 


Step 7: 


Step 8: Sees 
Step 9: 


— 


Step 10: 


Le 


continued on the next page 
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3. How will reviewing your notes or math text help solved. To help you solve word problems, follow 
you complete your homework more successfully? these ten steps: 


Step 1 Read the problem three times. Read the 
problem quickly the first time as a scanning pro- 
cedure. As you are reading the problem the sec- 
ond time, answer these three questions: 


4, List two ways you can check your homework an- 1. What is the problem asking me? (Usu- 
swers. ally at the end of the problem) 
Way 1: 2. What is the problem telling me that is 


useful? (Cross out unneeded information.) 


3. What is the problem implying? (Usually 
Way 2: something you have been told to remem- 
ber) 


Read the problem a third time to check that 
you fully understand its meaning. 


5. What happens to students who fall behind in their Step 2 Draw a simple picture of the problem to 
homework? . make it more real to you (e.g., a circle with an 
arrow can represent travel in any form — by train, 

by boat, by plane, by car, or by foot). 


Step 3 Make a table of information and leave a blank 
space for the information you are not told. 


Step 4 Use as few unknowns in your table as pos- | 
sible. If you can represent all the unknown in- | 
formation in terms of a single letter, do so! When | 
using more than one unknown, use a letter that | 
How to solve reminds you of that unknown. Then write down — 

what your unknowns represent. This eliminates _ 
word problems the problem of assigning the right answer to | 
the wrong unknown. Remember that you have | 


to create as many separate equations as you | 
The most difficult homework assignment for have unknowns. 


most math students is working story/word problems. 


Solving word problems requires excellent reading Step 5 Translate the English terms into an alge- 
comprehension and translating skills. braic equation using the list of terms in Fig- — 

Students often have difficulty substituting al- ures 6 and 7 on page 69. Remember, the En- _ 
gebraic symbols and equations for English terms. glish terms are sometimes stated in a different — 
But once an equation is written, it is usually easily order than the algebraic terms. 
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Figure 6 Figure 7 


Translating English Terms 
into Algebraic Symbols 


Translating English Words 
into Algebraic Expressions 


Sum English Words Algebraic Expressions 


Add 

In addition 
More than 
Increased 
In excess 

Greater 


Decreased by 
Less than 
Subtract 
Difference 
Diminished 
Reduce 
Remainder 


Times as much 
Percent of 
Product 
Interest on 


Per 


Divide 
Quotient 


Quantity 


Equal 
Will be 
Results 


Greater than 

Greater than or equal to 
Less than 

Less than or equal to 


IA A W V 


Ten more than x 

A number added to 5 

A number increased by 13 
5 less than 10 

A number decreased by 7 
Difference between x and 3 
Difference between 3 and x 
Twice a number 

Ten percent of x 

Ten times x 

Quotient of x and 3 


Quotient of 3 and x 


Five is three more than a number 


The product of 2 and 
a number is 10 


One-half a number is 10 


Five times the sum of x and 2 


Seven is greater than x 
Five times the difference 


of a number and 4 


Ten subtracted from 10 times 
a number is that number plus 5 


The sum of 5x and 10 is equal to 


the product of x and 15 

The sum of two 
consecutive integers 

The sum of two consecutive 
even integers 

The sum of two consecutive 


odd integers 


x+10 
5+X 
x+13 
10-5 
x-7 
x-3 
3-X 
2x 
0.10x 
10x 
x/3 
3/x 
5=Xx+3 


2x= 10 


x/2 = 10 


5(x + 2) 


7>xX 


5(x - 4). 


10x-10=x+5 


5x +10 = 15x 


(x) + (x + 1) 


(x) + (x + 2) 


(x) + (x + 2) 
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Step 6 Immediately retranslate the equation, as 
you now have it, back into English. The trans- 
lation will not sound like a normal English 
phrase, but the meaning should be the same as 
the original problem. If the meaning is not the 
same, the equation is incorrect and needs to be 
rewritten. Rewrite the equation until it means 
the same as the English phrase. 


Step 7 Review the equation to see if it is similar to 
equations from your homework and if it makes 
sense. Some formulas dealing with specific 
word problems may need to be rewritten. Dis- 
tance problems, for example, may need to be 
written solving for each of the other variables 
in the formula. Distance = rate x time; there- 
fore, time = distance/rate, and rate = distance/ 
time. Usually, a distance problem will identify 
the specific variable to be solved. 


Step 8 Solve the equation using the rules of 
algebra. 


Remember: Whatever is done to one side 
of the equation must be done to the other 
side of the equation. The unknown must 
end up on one side of the equation, by it- 
self. If you have more than one unknown, 
then use the substitution or elimination 
method to solve the equations. 


Step 9 Look at your answer to see if it makes com- 
mon sense. 


Example: If tax was added to an item, it should 
cost more; if a discount was applied to an item, it 
should cost less. Is there more than one answer? 
Does your answer match the original question? 
Does your answer have the correct units? 


Step 10 Put your answer back into the original 
equation to see if it is correct. If one side of 
the equation equals the other side of the equa- 
tion, then you have the correct answer. If you do 
not have the correct answer, go back to step 5. 


Math Study Skills Workbook 


The most difficult part of solving word prob- 
lems is translating part of a sentence into algebraic 
symbols and then into algebraic expressions. Review 
Figure 6 (Translating English Terms into Algebraic 
Symbols) and Figure 7 (Translating English Words into 
Algebraic Expressions), both on the previous page. 


How to Recall 
What You Have Learned 


After completing your homework problems, a 
good visual learning technique is to make note cards. 
Note cards are 3" by 5" index cards on which you 
place information that is difficult to learn or mate- 
rial you think will be on the test. 

On the front of the note cards write a math prob- 
lem or information that you need to know. Color-code 
the important information in red or blue. On the back 
of the note card, write how to work the problem or 
explain important information. 


Example: If you are having difficulty remember- 
ing the rules for multiplying positive and nega- 


tive numbers, you would write some examples on 
the front of the note card with the answers on the 
back. 


Make note cards on important information you 
might forget. Every time you have five spare min- | 
utes, pull out your note cards and review them. You © 
can glance at the front of the card, repeat to yourself _ 
the answer, and check yourself with the back of the | 
card. If you are correct and know the information | 
on a card, do not put it back in the deck. Mix up the | 
cards you do not know and pick another card to test — 
yourself on the information. Keep doing this until there | 
are no cards left that you do not know. 

If you are an auditory learner, then use the tape | 
recorder like the note cards. Record the important | 
information as you would on the front of the note | 
card. Then leave a blank space on the recording | 
before recording the answer. Play the tape back. | 
When you hear the silence, put the tape on pause. 
Then say the answer out loud to yourself. Take the 
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tape player off pause and see if you were correct. 


Review What You Have Learned 


After finishing your homework, close the text- 
book and try to remember what you have learned. 
Ask yourself these questions: “What major concepts 
did I learn tonight?” “What test questions might the 
instructor ask on this material?” 

Recall for about three to four minutes the ma- 
jor points of the assignment, especially the areas you 
had difficulty understanding. Write down questions 
for the instructor or tutor. Since most forgetting 
occurs right after learning the material, this short 
review will help you retain the new material. 


Zn —Section Review — cy 


1. List the ten steps to solving word problems. 


Step 1: 


Step 2: 


Step 3: 


Step 4: 


Step 5: 


a  — ——— 


Step 6: 
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Step 9: 


Step 10: 


What is your best way to recall what you have 
learned? 


How does reviewing right after doing your home- 
work help you remember? 


How to work with 
a study buddy 


You need to have a study buddy when you miss 


class or when you do your homework. A study buddy 
is a friend or classmate who is taking the same 
course. You can find a study buddy by talking to 
your classmates or making friends in the math lab. 


Try to find a study buddy who knows more 


about math than you do. Tell the class instructor 
that you are trying to find a study buddy and ask which 
students make the best grades. Meet with your study 
buddy several times a week to work on problems and 
to discuss math. If you miss class, get the notes from 
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your study buddy so you will not get behind. 

Call your study buddy when you get stuck on 
your homework. You can solve math problems over 
the phone. Do not sit for half an hour or an hour 
trying to work one problem; that will destroy your 
confidence, waste valuable time, and possibly alien- 
ate your study buddy. Think how much you could have 
learned by trying the problem for 15 minutes and then 
calling your study buddy for help. Spend, at the maxi- 
mum, 15 minutes on one problem before going on to 
the next problem or calling your study buddy. 


Remember: A study buddy can improve 
your learning while helping you complete 
the homework assignment. Just do not over- 
use your study buddy or expect that per- 
son to do your homework for you. 


&y 


1. How can you select your study buddy? 


1a) 
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2. How can a study buddy help you learn math? 


The benefits of 
study breaks 


Psychologists have discovered that learning 
decreases if you do not take study breaks. There- 
fore, take a break after studying math for 45 min- 
utes to one hour. 
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If you have studied for only 15 or 20 minutes 
and feel you are not retaining the information or 
your mind is wandering, take a break. If you con- 
tinue to force yourself to study, you will not learn the 
material. After taking a break, return to studying. 

If you still cannot study after taking a break, 
review your purpose for studying and your educa- 
tional goals. Think about what is required to gradu- 
ate. It will probably come down to the fact that you 
will have to pass math. Think about how studying 
math today will help you pass the next test; this will 
increase your chances of passing the course and of 
graduating. 

Write on an index card three positive statements 
about yourself and three positive statements about 
studying. Look at this index card every time you 
have a study problem. Use every opportunity avail- 
able to reinforce your study habits. 


&y 


— Section Review — 
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1. How can study breaks improve your learning? 


Name: 


ey 


1. Reading one page of a math text might take 
you 


2. Checking your homework answers can improve 
your and help prepare you for a 


Matching 


(for students in pre-algebra class) 


3 Product eae 

4 Increased ie 

5 Sum Cex 

62-°- ~ Per Dx 

7 Product E. = 

8 Is 

9, Reduced 

10. ____ Remainder 
(for students taking elementary algebra 

or higher-level math course) 

3.____ Difference betweenxand3 A. 10x 

4,_____— Quotient of x and 3 B. x/3 

5,____ Five times the sum of C. 5(x -4) 
x and 2 D. 5(x + 2) 

6._____ A number added to 5 E.5=#x+3 

7,____ Five less than 10 Peo y 

8._____—-Ten times x G. 10 -5 

9,____ Five is three more than a H.x-3 
number 

10.___ Five times the difference 


of a number and four 


11. Make sure you finish your homework by work- 
ing problems you do. 


12. Using is a visual way to recall 


Chapter 5 Review 


Date: a 


cy 


what you learned in math. 


13. Using a is an 
auditory way to recall what you learned in math. 


14. Most occurs right after 
learning; a short review will help you 
the new material. 


152A can improve 
your learning while helping you complete the 
homework assignment. 


What is the most important information you learned 
from this chapter? 


How can you immediately use it? 
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Chapter 6 


How to 
Remember 
What You Have 


Learned 


To understand the learning process, you must under- 
stand how your memory works. You learn by condi- 
tioning and thinking. But memorization is different from 
learning. For memorization, your brain must perform sev- 
eral tasks, including receiving the information, storing the 
information, and recalling the information. 

By understanding how your memory works, you 
will be better able to learn at which point your 
memory is failing you. Most students usually experi- 
ence memory trouble between the time their brain 
receives the information and the time the informa- 
tion is stored. 

There are many techniques for learning infor- 
mation that can help you receive and store informa- 
tion without losing it in the process. Some of these 
techniques may be more successful than others, de- 
pending on how you learn best. 

In this chapter, you will discover 
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— how you learn, 

— howshort-term memory affects what you remember, 

— how working memory affects what you remember, 

— how long-term memory/reasoning affects what 
you remember, 

— how to use memory techniques, 

— how to develop practice tests, and 

— how to use number sense. 


How you learn 


Educators tell us that learning is the process of 
“achieving competency.” More simply put, it is how 
you become good at something. The three ways of 
learning are by conditioning, by thinking, and by a 
combination of conditioning and thinking. 


Learning by Conditioning and Thinking 


Conditioning is learning things with a maximum 
of physical and emotional reaction and a minimum 
of thinking. 


Examples: Repeating the word pi to yourself and 
practicing where the symbol is found on a calcu- 
lator are two forms of conditioned learning. You 


are learning using your voice and your eye-hand 
coordination (physical activities), and you are do- 
ing very little thinking. 


Thinking is defined as learning with a maximum 
of thought and a minimum of emotional and physical 
reaction. 


Example: Learning about pi by thinking is different 
from learning about it by conditioning. To learn “pi” 
by thinking, you would have to do the calculations nec- 
essary to result in the numeric value that the word pi 
represents. You are learning using your mind (thought 
activities), and you are using very little emotional or 
physical energy to learn pi in this way. 
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The most successful way to learn is to combine 
thinking and conditioning. The best learning com- 
bination is to learn by thinking first and condition- 
ing second. 

Learning by thinking means that you learn by 


— observing, 
— processing, and 
— understanding the information. 


How Your Memory Works 


Memory is different from learning; it requires 
reception, storage, and retrieval of information. You 
receive information through your five senses (sen- 
sory input): what you see, feel, hear, smell, and taste. 


Examples: In math class, you will use your sense 
of vision both to watch the instructor demonstrate 
problems on the chalkboard and to read printed 
materials. You will use your sense of hearing to 
listen to the instructor and other students discuss 


the problems. Your sense of touch will be used to 
operate your calculator and to appreciate geomet- 
ric shapes. In chemistry and other classes, how- 
ever, you may additionally use your senses of smell 
-| and taste to identify substances. 


The sensory register briefly holds an exact im- 
age or sound of each sensory experience until it can 
be processed. If the information is not processed 
immediately, it is forgotten. The sensory register 
helps us go from one situation to the next without 
cluttering up our minds with trivial information. 

Processing the information involves placing it 
in either short-term memory, working memory, or 
long-term memory. 
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How short-term memory affects 
what you remember 


Information that passes through the sensory 
register is stored in short-term memory. Remem- 
bering something for a short time is not hard to do 
for most students. By conscious effort, you can re- 
member math laws, facts, and formulas received by 
the sensory register (your five senses) and put them 
in short-term memory. You can recognize them and 
register them in your mind as something to remember 
for a short time. 


Example: When you are studying math, you can 
tell yourself the distributive property is illustrated 
by a(b+c)=ab+ac. By deliberately telling your- 


self to remember that fact (by using conditioning 
— repeating or writing it again and again), you 
can remember it, at least for a while, because you 
have put it in short-term memory. 


Psychologists have found that short-term 
memory cannot hold an unlimited amount of infor- 
mation. You may be able to use short-term memory 
to remember one phone number or a few formulas 
but not five phone numbers or ten formulas. 

Items placed into short-term memory usually 
fade fast, as the name suggests. 


Examples: Looking up a telephone number in the 
directory, remembering it long enough to dial, 
then forgetting it immediately; learning the name 
of a person at a large party or in a class but for- 


getting it completely within a few seconds: cram- 
ming for a test and forgetting most of it before 
taking the test. 


Short-term memory involves the ability to re- 
call information immediately after it is given (with- 
out any interruptions). It is useful in helping you to 
concentrate on a few concepts at a time, but it is not 
the best way to learn. This is especially true of stu- 
dents who have attention problems or problems with 
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short-term memory. 

Students with short-term memory problems for- 
get a math step as soon as the instructor explains it. 
To remember more facts or ideas and keep them in 
memory a longer period of time — especially at test 
time — use of a better system than short-term memory 
is required. 

Changes in the way math is taught include the 
idea that conditioning (the most often used teaching 
form) leads only to short-term memory. Condition- 
ing is often used for short-term recall of concept 
skills. The information learned in this way can only 
be stored for longer periods of time by thinking. 
Thinking takes place when applying the skills to work- 
ing the problems. 


How working memory affects 
what you remember 


Working memory (or long-term retrieval) is that 
part of the brain that can work on problems for a 
longer period of time than can short-term memory. 
Working memory, then, offers an increase in the 
amount of time that information is held in memory. 
(An increase in the volume of information that can 
be held requires long-term memory.) 

Working memory involves the ability to recall 
information after learning has been consistently in- 
terrupted over a period of several minutes. Students 
with working memory problems may listen to a math 
lecture and understand each step as it is explained. 
When the instructor goes back to a previous step dis- 
cussed several minutes prior, however, the student has 
difficulty explaining or remembering the reasons for 
the steps. These students have difficulty remembering 
series steps long enough to understand the concept. 

Working memory can be compared to a mental 
work space or an internal chalkboard. Just like a 
chalkboard, working memory has limited space, 
which can cause a “bottleneck” in learning. 

Working memory uses the information (such as 
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multiplication tables) recalled from long-term 
memory. Overlearning math facts — by storing them 
in long-term memory — can free up more working 
memory to solve problems. Working memory is like 
how much RAM you have in your computer. 


Example: In solving 26 x 32, you would put the 
intermediate products 52 (from 2 x 26) and 780 
(from 30 x 26 — remember, 3 is in the 10s place, 
so make it 30) into working memory and add them 
together. The more automatic the multiplication, 


the less working memory you use. If you cannot 
remember your multiplication, you use up working 
memory trying to solve the multiplication problem. 
This leaves you with less working memory to solve 
the resulting addition problem. 


How long-term memory/reasoning 
affects what you remember 


Long-term memory is a storehouse of material that 
is retained for long periods of time. Long-term memory 
is recalled into working memory to solve problems. It 
is not a matter of trying harder and harder to remem- 
ber more and more unrelated facts or ideas; it is a mat- 
ter of organizing your short-term memories and work- 
ing memories into meaningful information. 

Reasoning is thinking about memories, compre- 
hending their meanings, and understanding their con- 
cepts. Without rehearsing the information, it will not 
be processed into long-term memory/reasoning. 

The main problem students face is converting learned 
material from short-term memory or working memory 
into long-term memory — and understanding it. To place 
information into long-term memory, you need to under- 
stand it and effectively concentrate on it. 


Remember: Securing math information 
into long-term memory is not accomplished 
by just doing the homework — you must also 
understand it. 
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The Role of “Memory Output” in Testing 


Memory output is what educators call a retriev- 
ing process. It is necessary for verbal or written ex- 
aminations. It is the method by which you put infor- 
mation stored in your long-term memory onto pa- 
per or into words. Memory output can be blocked 
by three things: 


1. insufficient processing of information into long- 
term memory, 

2. test anxiety, or 

3. poor test-taking skills. 


If you did not completely place all of the infor- 
mation you learned into long-term memory, you may 
not be able to give complete answers on tests. 

Test anxiety can decrease your ability to recall 
important information or it can cause you to block 
out information totally. Ways to decrease test anxi- 
ety were discussed in Chapter 3. Students who work 
on their test-taking skills can improve their memory 
output. Techniques to improve both your memory 
output and your test-taking skills will be explained 
in Chapter 7. 


Understanding the Stages of Memory 


Understanding the stages of memory will help 
you answer this common question about learning 
math: “How can I understand the procedures to solve 
a math problem one day and forget how to solve a 
similar problem two days later?” 

There are three good answers to this question. First, 
after initially learning how to solve the problem, you did 
not rehearse the solving process enough for it to enter 
your long-term memory. Second, you did get the informa- 
tion into long-term memory, but the information was not 
reviewed frequently enough and was therefore forgot- 
ten. Third, you memorized how to work the problem 
but did not understand the concept. 


Remember: Locating where your memory 
breaks down and compensating for those 
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weaknesses will improve your math learning. 
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1. Label the ovals below with stages of memory and 
list the reasons for forgetting under the slanted ar- | 
rows. 


Ps 
¢o 


ee 
<¢ ce) 


s ae 
¢0 


oot 
¢ (e) 


How to Remember What You Have Learned t 


2. Describe the stages of memory by explaining 
and giving examples of the following terms: 


Condition 2: 
Sensory input . 


Example Condition 3: 


Sensory register 
4. Review the stages of memory and list the stages 
at which your memory breaks down. For each 
Example stage of breakdown, say how you can prevent it. 


Stage 
Short-term memory 


Prevention 
Example 
| Working memory 
Stage 
. Example 
Prevention 
: Long-term memory 
| 
| Example Stage 
| 
| Memory output Prevention 
) 


| Example 


_ 3, What are three conditions that can block your 
memory output? 


Condition 1: 
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How to use 
memory techniques 


There are many different techniques that can help 
you store information in your long-term memory. Hav- 
ing a positive attitude about studying, using your best 
learning sense(s), decreasing distractions, and other tech- 
niques can improve your long-term memory. 


Have a Good Study/Math Attitude 


Having a positive attitude about studying will 
help you concentrate and improve your retention. 
This means you need to have at least a neutral math 
attitude (you neither like nor dislike it), and you 
should reserve the right to actually learn to like 
math. View studying as an opportunity to learn rather 
than as an unpleasant task. Tell yourself that you 
can learn the material and that learning it will help 
you pass the course and graduate. 


Use Your Best “Learning Sense” 


Using your best learning sense (what educators 
call your “predominant learning modality”) can im- 
prove how well you learn and enhance the transfer 
of knowledge into long-term memory/reasoning. 
Your learning senses are vision, hearing, touching, 
and so on. Ask yourself if you learn best by watching 
(vision), listening (hearing), or touching (feeling). 


Visual (Watching) Learner 


Knowing that you are a visual math learner can 
help you select the memory technique that will work 
best for you. Repeatedly reading and writing math 
materials being studied is the best way for a visual 
learner to study. 

A visual way to decrease distractions is using 
the “my mind is full” concept. Imagine that your 
mind is completely filled with thoughts of learning 
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math, and other distracting thoughts cannot enter. 
Your mind has one-way input and output, which only 
responds to thinking about math when you are do- 
ing homework or studying. 


Auditory (Hearing) Learner 


If you are an auditory learner (one who learns 
best by hearing the information), then learning for- 
mulas may be best accomplished by repeating them 
back to yourself or recording them on a tape 
recorder and listening to them. Reading out loud is 
one of the best auditory ways to get important infor- 
mation into long-term memory. Saying facts and 
ideas out loud improves your ability to think and 
remember. If you cannot recite out loud, recite the 
material to yourself, emphasizing the key words. 

An auditory way to improve your concentration 
is by becoming aware of your distractions and tell- 
ing yourself, out loud, to concentrate. If you areina 
location where talking out loud will cause a distur- 
bance, mouth the words “start concentrating” as you 
say them in your mind. Your concentration periods 
should increase. 


Tactile/Concrete (Touching) Learner 
A tactile/concrete learner needs to feel and 


touch the material to learn it. Unfortunately, this 
learning sense is not used by most math instructors. 


As a result, students who depend heavily on feeling 


and touching for learning will have the most diffi- 
culty developing effective learning techniques. For 
example, if you wanted to learn the FOIL method (see 
Figure 8, on the facing page, and the acronym example 
on page 83), you would take your fingers and trace the 
“face” to remember the steps. 

A tactile/concrete way to improve your study con- 
centration is by counting the number of distractions 
for each study session. Place a sheet of paper by your 
book when doing homework. When you catch yourself 
not concentrating, put the letter C on the sheet of pa- 
per. This will remind you to concentrate and get back 
to work. After each study period, count up the number 
of C’s and watch the number decrease. 
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Figure 8 
The FOIL Method 


F(a) (c) 
O (a) (d) 
I (b) (¢) 
L (b) (d) 


(aeD.)--(C +d) 
a 


*Jessee, 1988 


FOIL is used to remember the procedure to mul- 
tiply two binomials. The letters in FOIL stand for 
First, Outside, Inside, and Last. To use FOIL, 
multiply 

— the First terms, (a) (c), 

— the Outside terms, (a) (qd), 

— the Inside terms, (b) (c), 

— the Last terms, (b) (d). 


To learn FOIL, trace your finger along the FOIL 
route. 
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Using Multiple Senses 


If you have difficulty learning material from one 
sense, you might want to try learning through two 
or three senses. Involving two or more senses in 
learning improves your learning and remembering. 

If your primary sense is visual and your second- 
ary sense is auditory, you may want to write down 
equations while saying them out loud to yourself. 
Writing and reciting the material at the same time 
combines visual and auditory and some tactile/con- 
crete styles of learning and is therefore an excellent 
way to improve learning 

Studying with a pen or highlighter is a visual as 
well as a tactile/concrete way to improve your con- 
centration. Placing the pen or highlighter in your 
hand and using it will force you to concentrate more 
on what you are reading. After you correctly write 
and recite the material back to yourself one time, do 
it five or ten more times to overlearn it. 


Be a Selective Learner 


Being selective in your math learning will im- 
prove your memory. Prioritize the materials you are 
studying; decide which facts you need to know and 
which ones you can ignore. Narrow down informa- 
tion into laws and principles that can be generalized. 
Learn the laws and principles 100 percent. 


Example: If you have been given a list of math prin- 
ciples and laws to learn for a test, put each one on an 
index card. As you go through them, create two piles: 
a “I already know this” pile and a “I don’t know this” 
pile. Then study only the “I don’t know this” pile. 
Study the “I don’t know this” pile until it is com- 
pletely memorized and understood. 


Become an Organizer 


Organizing your math material into idea/fact 
clusters or groups will help you learn and memorize 
it. Grouping similar material in a problem log or 
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calculator log is an example of categorizing infor- 
mation. Do not learn isolated facts; always try to 
connect them to other similar material. 


Use Visual Imagery 


Using mental pictures or diagrams to help you 
learn the material is especially helpful for the visual 
learners and those who are right-hemisphere dominant 
(who tend to learn best by visual and spatial methods). 
Mental pictures and actual diagrams involve 100 per- 
cent of your brain power. Picture the steps to solve 
difficult math problems in your mind. 


Example: Use the FOIL method (see Figure 8, 
page 81) to visually learn how to multiply binomi- 
als. Memorize the face until you can sketch it from 


memory. If you need to use it during a test, you 
can then sketch the face onto your scratch paper 
and refer to it. 


Make Associations 


Association learning can help you remember 
better. Find a link between new facts and some well- 
established old facts and study them together. The 
recalling of old facts will help you remember the new 
facts and strengthen a mental connection between 
the two. Make up your own associations to remem- 
ber math properties and laws. 


Remember: The more ridiculous the as- 
sociation, the more likely you are to re- 
member it. 
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Examples: When learning the commutative prop- 
erty, remember that the word commutative sounds 
like the word community. A community is made 
up of different types of people who could be la- 
beled as ana group and ab group. However, ina 
community of a people and b people, it does not 
matter if we count the a people first or the b 


people first; we still have the same total number 
of people in the community. Thus, a +b =b+a. 
When learning the distributive law of multi- 
plication over addition, such as a(b + c), remem- 
ber that “distributive” sounds like “distributor,” 
which is associated with giving out a product. The 
distributor a is giving its products to b and c. 


Use Mnemonic Devices 


The use of mnemonic devices is another way to 
help you remember. Mnemonic devices are easily 
remembered words, phrases, or rhymes associated 
with difficult-to-remember principles or facts. 


Example: Many students become confused with 
the order of operations. These students mix up 
the order of the steps in solving a problem, such 
as dividing before adding the numbers in the pa- 
rentheses. A mnemonic device to remember the 
order of operations is “Please Excuse My Dear 
Aunt Sally.” The first letter in each of the words 
represents the math function to be completed from 


the first to the last. Thus, the order of operations 
is Parentheses (Please), Exponents (Excuse), Mul- 
tiplication (My), Division (Dear), Addition (Aunt), 
and Subtraction (Sally). Remember to multiply 
and/or divide whatever comes first, from left to 
right. Also, add or subtract whatever comes first, 
from left to right. 
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Use Acronyms 


Acronyms are another memory device to help you 
learn math. Acronyms are word forms created from the 
first letters of a series of words. 


Example: FOIL is one of the most common math 
acronyms. FOIL is used to remember the proce- 
dure for multiplying two binomials. Each letter 
in the word FOJL represents a math operation. 
FOIL stands for First, Outside, Inside, and Last, 
as it applies to multiplying two binomials such as 
(2x + 3)(x + 7). The First quantities are 2x (in the 
first expression) and x (in the second expression). 
The Outside quantities are 2x (in the first expres- 
sion) and 7 (in the second expression). The Inside 
quantities are 3 (in the first expression) and x (in 
the second expression). The Last quantities are 3 
(in the first expression) and 7 (in the second expres- 
sion). This results in F (2x)(x) + O (2x)(7) + I (3)(x) 
+ L (3)(7). 

Do the multiplication to get 2x? + 14x + 3x+ 
21, which adds up to 2x? + 17x + 21. See Figure 8 
(The FOIL Method), page 81. 
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1. How can visual learners improve their memory? 


2. How can auditory learners improve their memory? 


3. How can tactile/concrete learners improve their 
memory? 
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How can you use multiple senses to improve your 
memory? 


Give an example of being a selective learner in your 
math class. 


From your current math lessons, make up and ex- 
plain one association remembering device that is 
not in this workbook. 


For your next major math test, make up and explain 
one mnemonic device that is not in this workbook. 


For your next major math test, make up and ex- 
plain one acronym that is not in this workbook. 
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How to develop 
practice tests 


Developing a practice test is one of the best 
ways to evaluate your memory and math skills be- 
fore taking a real test. You want to find out what 
you do not know before the real test instead of dur- 
ing the test. Practice tests should be as real as pos- 
sible and should include time constraints. 

You can create a practice test by reworking all 
the problems since your last test that you have re- 
corded in your problem log. Another practice test 
can be developed using every other problem in the 
textbook chapter tests. Further, you can use the so- 
lutions manual to generate other problems with 
which to test yourself. You can also use old exams 
from the previous semester. Check to see if the math 
lab/LRC or library has tests on file from previous 
semesters, or ask your instructor for other tests. For 
some students, a better way to prepare for a test is the 
group method. 


Example: Hold a group study session several days 
before the test. Have each student prepare a test 
with ten questions. On the back of the test, have 
the answers listed, worked out step by step. Have 


each member of the study group exchange his or 
her test with another member of the group. Once 
all the tests have been completed, have the au- 
thor of each test discuss with the group the pro- 
cedures used to solve those problems. 


If group work improves your learning, you may 
want to hold a group study session at least once a 
week. Make sure the individual or group test is com- 
pleted at least three days before the real test. 

Completing practice math tests will help you 
increase your testing skills. It will also reveal your 
test problem weaknesses in enough time for you to 
learn how to solve the problem before the real test. 
If you have difficulty with any of the problems dur- 
ing class or after taking the practice test, be sure to 
see your tutor or instructor. 
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After taking the practice test(s), you should 
know what parts you do not understand (and need 
to study) and what is likely to be on the test. Put 
this valuable information on one sheet of paper. This 
information needs to be understood and memorized. 
It may include formulas, rules, or steps to solving a 
problem. 

Use the learning strategies discussed in this 
chapter to remember this information. A good ex- 
ample of how this information should look is what 
students might call a mental “cheat sheet.” Obvi- 
ously, you cannot use the written form of this sheet 
during the real test. 

If you cannot take a practice test, put down on 
your mental cheat sheet the valuable information you 
will need for the test. Work to understand and memo- 
rize your mental cheat sheet. Chapter 7, “How to 
Improve Your Math Test-Taking Skills,” will discuss 
how to use the information on the mental cheat sheet 


— without cheating. 
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1. List three different ways you can make up a prac- 
tice test. 


Way 1: 


Way 2: 


Way 3: 


2. List ten different types of problems you would put 
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on your practice test for the next exam. 


Problem 1: 


Problem 2: 
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Problem 3: 
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Problem 4. 
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Problem 5: 


Problem 6: 
Problem 7: 
Problem 8: 
Problem 9: 


Problem 10: 


3. Give these ten problems to your study buddy and 
get ten problems from him or her. Compare your 
answers with those of your study buddy. 


How many did you get right? 
How can you correct the wrong answers? 


How to use 
number sense 


When taking your practice tests, you should use 
“number sense,” or estimations, to make sure your an- 
swer is reasonable. Number sense is like common sense 
but it applies to math. Number sense is the ability to 
see if your answer makes sense without using algorithms. 
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(Algorithms are the sequential math steps used to solve 
problems.) These following examples demonstrate solv- 
ing a math problem (from a national math test given to 
high school students) using algorithms and number 
sense. 


Example: Solve 3.04 x 5.3. Students use algo- 
rithms to solve this problem by multiplying the 
number 3.04 by 5.3, in sequence. Seventy-two per- 
cent of the students answered the problem cor- 
rectly using algorithms. 


Example: Estimate the product 3.04 x 5.3, and 


choose from the following answers. 

1.6 C) 160 

B) D) 1600 

Only 15 percent of the students chose B, which is 
the correct answer. Twenty-eight percent of the 
students chose A. Using estimating to solve the 
answer, a whopping 85 percent of the students got 
the problem wrong. 


These students were incorrectly using their 
“mental chalkboard” instead of using number sense. 
In using number sense to answer, you would multi- 
ply the numbers to the left of the decimal in each 
number to get an estimate of the answer. To esti- 
mate the answer, then, you would multiply 3 (the 
number to the left of the decimal in 3.04) by 5 (the 
number to the left of the decimal in 5.3) and expect 
the answer to be a little larger than 15. 

It appears that the students’ procedural process- 
ing (the use of algorithms) was good, but when asked 
to solve a non-routine problem using estimating 
(which is easier than using algorithms), the results 
were disappointing. 

Another example of using number sense, or 
estimating, is in “rounding off.” 

Taking the time to estimate the answer to a math 
problem is a good way to check your answer. Another 
way to check your answer is to see if it is reasonable. 
Many students forget this important step and get the 
answer wrong. This is especially true of word or story 
problems. 


84 


Example: Solve 48 + 48 by rounding off. Rounding 
off means mentally changing the number (up or 
down) to make it more manageable to you, without 
using algorithms. By rounding off, 48 becomes 50 


(easier to work with). 50 + 50 = 100. If the choices 
for answers were 104, 100, 98 and 96, you would 
then subtract 4 from the 100 (since each number 
was rounded up by 2) and you would get 96. 


Also, when dealing with an equation, make sure 
to put the answer back into the equation to see if 
one side of the equation equals the other. If the two 
sides are not equal, you have the wrong answer. If 
you have extra time left over after you have com- 
pleted a test, you should check answers using this 
method. 


Examples: When solving a rate-and-distance prob- 
lem, use your common sense to realize that one 
car cannot go 500 miles per hour to catch the 
other car. However, the car can go 50 miles per 
hour. 

The same common sense rule applies to age- 
word problems, where the age of a person cannot 
be 150 years, but it can be 15 years. 

Further, in solving equations, x is usually a 
number that is less than 20. When you solve a prob- 
lem forx and get 50, then, this isn’t reasonable, and 
you should recheck your calculations. 


Example: In solving the equation x + 3 = 9, you 
calculated that x = 5. To check your answer, sub- 
stitute x with 5 and see if the problem works out 
correctly. 5 + 3 does not equal 9, so you know you 
have made a mistake and need to recalculate the 
problem. The correct answer, by the way, is x = 6. 


Remember: Number sense is a way to get 
more math problems correct by estimating 
your answer to determine if it is reasonable. 
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Give an explanation of number sense. 


How does number sense compare to common sense? 


Give an example of a recent math problem you 
missed due to poor number sense. 


List two ways you can improve your number sense. 


First Way 


Second Way 


Name: 


ED 


1. is learning with a maximum 
of physical and reaction and 
a minimum of thinking. 


Zs is defined as learning with a 
maximum of thought and a minimum of emo- 
tional and reaction. 


3. The way you receive information is through your 
five senses, which are j ; 


4. The briefly holds 
an exact image or sound of each sensory experi- 
ence until it can be processed or forgotten. 


5. Short-term memory involves the ability to 
information after it is given 
without any interruptions. 


6. Working memory involves the ability to recall 
information after learning has been 
over a period of several 


7. Working memory can also be considered your 
internal that recalls information 
from 


8. The main problem most students have is convert- 
ing learned material into 
and it. 


9. Repeatedly reading and writing math material is 
one of the best ways for a 
learner to study. 


10. Reading is one of the best 
auditory ways to learn material. 


learner needs to 


pptnictirs watt to 7 
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Date: - 
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feel and touch material to learn it. 


12. Being a selective learner means 
the material to study and learning the laws and 
principles percent. 


13. Mnemonic devices are easy-to-remember ; 
or associated with dif- 
ficult-to-remember principles or facts. 


14, are word forms created from the 
first letters of a series of words. 


15. The reason to develop a practice test is to find 
out what you do not know the test 


instead of the test. 


What is the most important information you learned 
from this chapter? 


How can you immediately use it? 


ee ee - 2-2 “ 


Chapter 7 


| How to Improve 
Your Math 
Test-Taking 
Skills 


Taking a math test is different from taking tests in 


other subjects. Math tests require not only that you 
to recall the information, but that you apply the in- 
formation. Multiple-choice tests, for example, usu- 
ally test you on recall, and if you do not know the 
answer, you can guess. 

Math tests build on each other, whereas history 
tests often do not test you on previous material. Most 


math tests are speed tests, where the faster your are, 


the better grade you can receive; most social science 
tests are designed for everyone to finish. 

Math test preparation and test-taking skills are 
different from preparation and skills needed for other 
tests. You need to have a test-taking plan and a test 
analysis plan to demonstrate your total knowledge 
on math tests. Students with these plans make bet- 
ter grades compared to students without them. Math 
instructors want to measure your math knowledge, 
not your poor test-taking skills. 


87 


In this chapter, you will learn 


— why attending class and doing your homework 
may not be enough to pass, 

— the general pretest rules, — 

— the ten steps to better test taking, 

— the six types of test-taking errors, and 

— how to prepare for the final exam. 


Why attending class 
and doing your homework 
may not be enough to pass 


Most students and some instructors believe that 
attending class and doing all the homework ensures 
an A or B on tests. This is far from true. Doing all 
the homework and getting the correct answers is very 
different in many ways from taking tests: 


1. While doing homework, there is little anxiety. 
A test situation is just the opposite. 


2. You are not under a time’constraint while do- 
ing your homework; you may have to complete 
a test in 55 minutes or less. 


3. If you get stuck on a homework problem, your 
textbook and notes are there to assist you. This 
is not true for most tests. 


4, Once you learn how to do several problems ina 
homework assignment, the rest are similar. In 
a test, the problems are in random order. 


5. In doing homework, you have the answers to at 
least half the problems in the back of the text 
and answers to all the problems in the solutions 
guide. This is not true for tests. 


6. While doing homework, you have time to fig- 
ure out how to correctly use your calculator. 
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During the test, you can waste valuable time fig- 
uring out how to use your calculator. 


7. When doing homework, you can call your study 
buddy or ask the tutor for help, something you 
cannot do on the test. 


Do not develop a false sense of security by be- 
lieving you can make an A or B by doing just your 
homework. Tests measure more than just your math 
knowledge. 


The general 
pretest rules 


General rules are important when taking any 
type of test: 


1. Get a good night’s sleep before taking a test. 
This is true for the ACT, the SAT, and your math 
tests. If you imagine you are going to cram all 
night and perform well on your test with three 
to four hours of sleep, you are wrong. It would 
be better to get seven or eight hours of sleep 
and be fresh enough to use your memory to re- 
call information needed to answer the questions. 


2. Start studying for the test at least three days ahead 
of time. Make sure you take a practice test to find 
out, before the test, what you do not know. Re- 
view your problem log and work the problems. 
Review the concept errors you made on the last 
test. (How to identify and correct your concept 
errors will be discussed later in this chapter.) Meet 
with the instructor or tutor for help on those ques- 
tions you cannot solve. 


3. Review only already learned material the night 
before a test. 


4. Make sure you know all the information on 
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your mental cheat sheet. Review your notebook 
and glossary to make sure you understand the 
concepts. Work a few problems and recall the 
information on your mental cheat sheet right 
before you go to bed. Go directly to bed; do not © 
watch television, listen to the radio, or party. — 
While you are asleep, your mind will work on 
and remember the last thing you did before go- 
ing to sleep. 


Get up in the morning at your usual time and 
review your notes and problem log. Do not do 
any new problems, but make sure your caicula- 
tor is working. 


List five reasons why only attending class and do- 
ing your homework may not be enough to pass your 
math course. 


Reason 1: 


Reason 2: 


Reason 3: 


Reason 4: 


Reason 5: 
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2. List and explain three general pretest rules that Step 2 Preview the test. Put your name on the test 


best apply to you. and start previewing. Previewing the test re- 
quires you to look through the entire test to 

Rule 1: find different types of problems and their point 

ere Oe eee 5) eatin at Pee values. Put a mark by the questions that you 
can do without thinking. These are the ques- 
tions that you will solve first. 

Rule 2: 

Step 3 Doa second memory data dump. The sec- 
ondary data dump is for writing down material 
that was jarred from your memory while preview- 

Hitlers pat seeans rich qunienedtsicahno ing the test. Write this information on the back of 


the test. 


Step 4 Develop a test progress schedule. When 
you begin setting up a test schedule, determine 
the point value for each question. Some test 

The ten steps to questions might be worth more points than oth- 
‘ ers. 

better test taking In some tests, word problems are worth 5 

points and other questions might be worth 2 or 

3 points. You must decide the best way to get 


Once you begin a test, follow the ten steps to the most points in the least amount of time. This 
better test taking: might mean working the questions worth 2 or 
3 points first and leaving the more difficult word 
Step 1 Use a memory data dump. Upon receiving problems for last. 
your test, turn it over and write down the infor- Decide how many problems should be com- 
mation that you put on your mental cheat sheet. pleted halfway though the test. You should have 
Your mental cheat sheet has now turned into a more than half the problems completed by that 
mental list, and writing down this information time. 


is not cheating. Do not put your name on the 
test, do not skim it, just turn it over and write Step 5 Answer the easiest problems first. Solve, in 


down those facts, figures, and formulas from order, the problems you marked while previewing 
your mental cheat sheet or other information the test. Then review the answers to see if they 
you might not remember during the test. This make sense. Start working through the test as 
is called your first memory data dump. The data fast as you can while being accurate. Answers 
dump provides memory cues for test questions. should be reasonable. 


Example: The answer to a problem asking you 
to find the area of a rectangle cannot be nega- 
tive, and the answer to a land-rate-distance prob- 
lem cannot be 1000 miles per hour. 


Example: It might take you a while to remember 
how to do a coin problem. However, if you had 


immediately turned your test over and written 
down different ways of solving coin problems, it 


i A Clearly write down each step to get partial 
would be easier to solve the coin problem. 


credit. Even if you end up missing the problem, 
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you might get some credit. In most math tests, Step 9 Review the test. Look for careless errors or 


the easier problems are near the beginning of the 
first page; you need to answer them efficiently and 
quickly. This will give you both more time for the 
harder problems and time to review. 


Step 6 Skip difficult problems. If you find a prob- 


lem that you do not know how to work, read it 
twice and automatically skip it. Reading it twice 
will help you understand the problem and put it 
into your working memory. While you are solv- 
ing other problems, your mind is still working 
on that problem. Difficult problems could be 
the type of problem you have never seen before 
or a problem in which you get stuck on the sec- 
ond or third step. In either case, skip the prob- 
lem and go on to the next one. 


Step 7 Review the skipped problems. When work- 


ing the skipped problems, think how you have 
solved other, similar problems as a cue to solv- 
ing the skipped ones. Also try to remember how 
the instructor solved that type of problem on 
the board. 

While reviewing skipped problems, or at 
any other time, you may have the “Aha!” re- 
sponse. The “Aha!” response is your remember- 
ing how to do a skipped problem. Do not wait 
to finish your current problem. Go to the prob- 
lem on which you had the “Aha!” and finish that 
problem. If you wait to finish your current prob- 
lem, your “Aha!” response could turn into an 
“Oh, no!” response. 


Step 8 Guess at the remaining problems. Do as 


much work as you can on each problem, even if 
it is just writing down the first step. If you can- 
not write down the first step, rewrite the prob- 
lem. Sometimes rewriting the problem can jar 
your memory enough to do the first step or the 
entire problem. If you leave the problem blank, 
you will get a zero. Do not waste too much time 


on guessing or trying to work the problems you — 


cannot do. 


other errors you may have made. Students usu- 
ally lose 2 to 5 test points on errors that could 
have been caught in review. Do not talk your- 
self out of an answer just because it may not 
look right. This often happens when an answer 
does not come out even. It is possible for the 
answer to be a fraction or decimal. 


Remember: Answers in math do not have 
“dress codes.” Research reveals that the 
odds of changing a right answer to a wrong 
answer are greater than the odds of chang- 
ing a wrong answer to a right one. 


Step 10 Use all the allowed test time. Review each 


problem by substituting the answer back into 
the equation or doing the opposite function re- 
quired to answer the question. If you cannot 
check the problem by the two ways mentioned, 
rework the problem on a separate sheet of paper 
and compare the answers. Do not leave the test 
room unless you have reviewed each problem two 
times or until the bell rings. 


Remember: There is no prize for handing 
your test in first, and students who turn 


their papers in last do make A’s. 


Stapling your scratch paper to the math test 


when handing it in has several advantages: 


If you miscopied the answer from the scratch 
paper, you will probably get credit for the an- 
swer, 


If you get the answer incorrect due to a care- 
less error, your work on the scratch paper could 
give you a few points. 


If you do get the problem wrong, it will be easier 
to locate the errors when the instructor reviews 
the test. This will prevent you from making the 
same mistakes on the next math test. 
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Remember: Handing in your scratch pa- Step 10: 
per may get you extra points or improve 
your next test score. 


[Cay — Section Review — (ay 


2. After trying the ten steps to test taking, develop 


1. List and explain the ten steps to test taking. your own personalized test-taking steps. 
Step 1: Step 1: 


Step 5: Step 5: 


Steere: Step 6: 


Sey an aaa hi OL WAR ME ts Hees, Step 7: 


Step 8: Toe 


Step 9: Additional Steps 
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The six types of 
test-taking errors 


To improve future test scores, you must con- 
duct a test analysis of previous tests. In analyzing 
your tests, you should look for the following kinds of 
errors: 


misread-directions errors 
careless errors 

concept errors 
application errors 
test-taking errors 

study errors 


SED SL! Ged Nek Ane! dae 


Students who conduct math test analyses will 
improve their total test scores. 

Misread-directions errors occur when you skip 
directions or misunderstand directions, but do the 
problem anyway. 


Examples: Suppose you have this type of prob- 
lem to solve: (x + 1)(x + 1). Some students will 
try to solve for x, but the problem only calls for 
multiplication. You would solve for x only if you 
have an equation such as (x + 1)(x + 1) =0. 

Another common mistake is not reading the di- 


rections before doing several word problems or 
statistical problems. All too often, when a test is 
returned, you find only three out of the five prob- 
lems had to be completed. Even if you did get all 
five of them correct, it cost you valuable time that 

| could have been used obtaining additional test 
points. 


To avoid misread-directions errors, read all the 
directions. If you do not understand them, ask the 
instructor for clarification. 


Careless errors are mistakes that you can catch 
automatically upon reviewing the test. Both good and 
poor math students make careless errors. Such errors 
can cost a student a higher letter grade on a test. 
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Examples: Dropping the sign: -3(2x) = 6x, in- 


stead of - 6x, which is the correct answer. 
Not simplifying your answer: Leaving 
(3x - 12)/3 as your answer instead of simplify- 


ing ittox - 4. 

Adding fractions: 1/2 + 1/3 = 2/5, instead of 
5/6, which is the correct answer. 

Word problems: x = 15 instead of “The student 
had 15 tickets.” 


However, many students want all their errors to 
be careless errors. This means that the students did 
know the math, but simply made silly mistakes. In 
such cases, I ask the student to solve the problem 
immediately, while I watch. 

If the student can solve the problem or point 
out his or her mistake in a few seconds, it is a care- 
less error. If the student cannot solve the problem 
immediately, it is not a careless error and is prob- 
ably a concept error. 

When working with students who make care- 
less errors, I ask them two questions: First, “How 
many points did you lose due to careless errors?” 
Then I follow with, “How much time was left in the 
class period when you handed in your test?” Students 
who lose test points to careless errors are giving away 
points if they hand in their test papers before the 
test period ends. 

To reduce careless errors, you must realize the 
types of careless errors made and recognize them 
when reviewing your test. If you cannot solve the 
missed problem immediately, it is not a careless er- 
ror. If your major error is not simplifying the an- 
swer, review each answer as if it were a new problem 
and try to reduce it. 


Concept errors are mistakes made when you do 
not understand the properties or principles required 
to work the problem. Concept errors, if not cor- 
rected, will follow you from test to test, causing a 
loss of test points. 
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Examples: Some common concept errors are not 
knowing: 
(-)(-)x = x, not -x 
-1(2) > x(-1) = 2 <x, not2>x 
5/0 is undefined, not 0 
(a + x) / x is not reduced to a 
the order of operations 


Concept errors must be corrected to improve your 
next math test score. Students who have numerous 
concept test errors will fail the next test and the 
course if concepts are not understood. Just going 
back to rework the concept error problems is not 
good enough. You must go back to your textbook 
or notes and learn why you missed those types of 
problems, not just the one problem itself. 

The best way to learn how to work those types 
of problems is to set up a concept problem error 
page in the back of your notebook. Label the first 
page “Test One Concept Errors.” Write down all your 
concept errors and how to solve the problems. Then, 
work five more problems that use the same concept. 
Now, in your own words, write the concepts that you 
are using to solve these problems. 

If you cannot write the concept in your own 
words, you do not understand it. Get assistance from 
your instructor if you need help finding similar prob- 
lems using the same concept or cannot understand 
the concept. Do this for every test. 


Application errors occur when you know the con- 
cept but cannot apply it to the problem. Application 
errors usually are found in word problems, deducing 
formulas (such as the quadratic equation), and graph- 
ing. Even some better students become frustrated with 
application errors; they understand the material but 
cannot apply it to the problem. 

To reduce application errors, you must predict 
the type of application problems that will be on the 
test. You must then think through and practice solv- 
ing those types of problems using the concepts. 
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Example: If you must derive the quadratic for- 
mula, you should practice doing that backward 


and forward while telling yourself the concept 
used to move from one step to the next. 


Application errors are common with word prob- 
lems. After completing the word problem, reread 
the question to make sure you have applied the an- 
swer to the intended question. Application errors 
can be avoided with appropriate practice and insight. 


Test-taking errors apply to the specific way you 
take tests. Some students consistently make the same 
types of test-taking errors. Through recognition, 
these bad test-taking habits can be replaced by good 
test-taking habits. The result will be higher test 
scores. The list that follows includes the test-taking 
errors that can cause you to lose many points on an 
exam: 


1. Missing more questions in the first third, sec- 
ond third, or last third of a test is considered a 
test-taking error. 

Missing more questions in the first third 
of a test can be due to carelessness when doing 
easy problems or due to test anxiety. 

Missing questions in the last part of the 
test can be due to the fact that the last prob- 
lems are more difficult than the earlier ques- 
tions or due to increasing your test speed to 
finish the test. 

If you consistently miss more questions in a 
certain part of the test, use your remaining test 
time to review that section of the test first. This 
means you may review the last part of your test 
first. 


2. Not completing a problem to its last step is an- 
other test-taking error. If you have this bad 
habit, review the last step of the test problem 
first, before doing an in-depth test review. 


3. Changing test answers from correct ones to 
incorrect ones is a problem for some students. 
Find out if you are a good or bad answer-changer 
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by comparing the number of answers changed 
to correct and to incorrect answers. If you are 
a bad answer-changer, write on your test, “Don’t 
change answers.” Change answers only if you 
can prove to yourself or the instructor that the 
changed answer is correct. 


Getting stuck on one problem and spending 
too much time on it is another test-taking er- 
ror. You need to set a time limit on each prob- 
lem before moving to the next problem. Work- 
ing too long on a problem without success will 
increase your test anxiety and waste valuable 
time that could be used in solving other prob- 
lems or in reviewing your test. 


Rushing through the easiest part of the test and 
making careless errors is a common test-tak- 
ing error for the better student. If you have the 
bad habit of getting more points taken off for 
the easy problems than for the hard problems, 
first review the easy problems, and later review 
the hard problems. 


Miscopying an answer from your scratch work 
to the test is an uncommon test-taking error, but 
it does cost some students points. To avoid 
these kinds of errors, systematically compare 
your last problem step on scratch paper with the 
answer written on the test. In addition, always 
hand in your scratch work with your test. 


Leaving answers blank will get you zero points. 
If you look at a problem and cannot figure out 
how to solve it, do not leave it blank. Write 
down some information about the problem, re- 
write the problem, or try to do at least the first 
step. 


Remember: Writing down the first step of 
a problem is the key to solving the prob- 
lem and obtaining partial credit. 


Solving only the first step of a two-step prob- 
lem causes problems for some students. These 
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students get so excited when answering the first 
step of the problem that they forget about the 
second part. This is especially true on two-step 
word problems. To correct this test-taking er- 
ror, write “two” in the margin of the problem. 
That will remind you that their are two steps or 
two answers to this problem. 


9, Not understanding all the functions of your cal- 
culator can cause major testing problems. Some 
students only barely learn how to use the criti- 
cal calculator functions. They then forget or 
have to relearn how to use their calculator, 
which costs test points and test time. Do not 
wait to learn how to use your calculator on the 
test. Overlearn the use of your calculator be- 
fore the test. 


10. Leaving the test early without checking all your 
answers is a costly habit. Do not worry about 
the first person who finishes the test and leaves. 
Many students start to get nervous when students 
start to leave after finishing the test. This can 
lead to test anxiety, mental blocks, and loss of re- 
call. 

According to research, the first students 
finishing the test do not always get the best 
grades. It sometimes is the exact opposite. Ig- 
nore the exiting students, and always use the 
full time allowed. 


Make sure you follow the ten steps to better test 
taking (see page 91). Review your test-taking proce- 
dures for discrepancies in following the ten steps to 
better test taking. Deviating from these proven ten 
steps will cost you points. 

Study errors, the last type of mistake to look 
for in test analysis, occur when you study the wrong 
type of material or do not spend enough time on 
pertinent material. Review your test to find out if 
you missed problems because you did not practice 
that type of problem or because you did practice it 
but forgot how to do it during the test. Study errors 
will take some time to track down. But correcting 
study errors will help you on future tests. 
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Most students, after analyzing one or several 
tests, wili recognize at least one major, common test- 
taking error. Understanding the effects of this test- 
taking error should change your study techniques 
or test-taking strategy. 


Example: If there are seven minutes left in the 
test, should you review for careless errors or try 
to answer those two problems you could not to- 
tally solve? This is a trick question. The real ques- 
tion is, Do you miss more points due to careless 
errors or concept errors, or are the missed points 


about even? The answer to this question should 
determine how you will spend the last minutes of 
the test. If you miss more points due to careless 
errors or miss about the same number of points 
due to careless/concept errors, review for care- 
less errors. 


Careless errors are easier to correct than con- 
cept errors. However, if you make very few or no 
careless errors, you should be working on those last 
two problems to get the greatest number of test 
points. Knowing your test-taking errors can add more 
points to your test by changing your test-taking pro- 
cedure. 


Cay — Section Review — cy 


1. List the six types of test-taking errors. 


Error 1: 


Error 2: 


Error 3: 
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Error 4: 


Error 5: 


Error 6: 


Which of these errors have you made in the past? 


How can you avoid these types of errors on the 
next test? 


Review your last test to list the type of errors, 
the points lost for each error, and examples of 
the errors. (Remember: Careless errors are prob- 
lems you can solve immediately.) 


Error 1: 
Points Lost 
EPITOPE Ka DIC eee ee ee 
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Error 2: 
Points Lost 
Error Example 


Error 3: 
Points Lost 
Error Example 


Error 4: 
Points Lost 
Error Example 


Error 5: 
Points Lost 
Error Example 


Error 6: 
Points Lost 
Error Example 


List any additional concept error problems that 
were not included in question 2. 


Concept Error Problems 


Using the pages in the back of your math note- 
book, rework the concept error problems and do 
five math problems just like them. For each con- 
cept error, write why you could not solve the 
problem on the test and what new information you 
learned to solve the problem. Do this for every 
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major test. Give an example of one of your concept 
error(s) and the reasons you can now solve it. 


Concept Error Problem(s) 


Reasons I Can Now Solve It 


How to prepare 
for the final exam 


The first day of class is when you start prepar- 
ing for the final exam. Look at the syllabus or ask 
the instructor if the final exam is cumulative. A cu- 
mulative exam covers everything from the first chap- 
ter to the last chapter. Most math final exams are 
cumulative. 

The second question you should ask is if the 
final exam is a departmental exam or if it is made up 
by your instructor. In most cases, departmental ex- 
ams are more difficult and need a little different 
preparation. If you have a departmental final, you need 
to ask for last year’s test and ask other students what 
their instructors say will be on the test. 

The third question is, How much will the final 
exam count? Does it carry the same weight as a regu- 
lar test or, as in some cases, will it count a third of 
your grade? If the latter is true, the final exam will 
usually make a letter grade difference on your final 
grade. The final exam could also determine if you 
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pass or fail the course. Knowing this information 
before the final exam will help you prepare. 

Preparing for the final exam is similar to pre- 
paring for each chapter test. You must create a pre- 
test to discover what you have forgotten. You can 
use questions from the textbook chapter tests or ques- 
tions from your study group. 

Review the concept errors that you recorded in 
the back of your notebook labeled “Test One,” “Test 
Two,” and so on. Review your problem log for ques- 
tions you consistently miss. Even review material 
that you knew for the first and second test but which 
was not used on any other tests. Students forget 
how to work some of these problems. 

Make sure to use the ten steps to better test 
taking (see page 91), and the information gained from 
your test analysis. Use all the time on the final exam, 
because you could improve your final grade by a full 
letter if you make an A on the final. 


fy —Section Review— cN 


1. Whatare the three qustions you need to ask about 
your final exam? 


Question 1: 


Question 2: 


Question 3: 
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Lecture Notes 
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Name: Date: os 


a Chapter 7 Review cy 


1. You should start studying for a test at least What is the most important information you learned 
days ahead of time. from this chapter? 


2. You should be reviewing only already- 
material the night before the test. 


3. When previewing the test, puta by the 
questions you can solve without thinking, and do 
those problems 


4, When taking a test, you must decide the best way 
to get the points in the 
amount of time. 


5. Halfway through the test, you should have 
than half of the problems completed. How can you immediately use it? 


6. If you cannot write down the first step of a prob- 
lem, you should the problem to 
help you remember how to solve it. 


7. Do not leave the test room until you have re- 
viewed each problem times or until the 
bell rings. 


8. In reviewing the test, if you cannot solve the prob- 
lem immediately (within a few seconds), it is not 


a error and is probably a 
error. 
9, Students who have numerous errors 


will fail the next test and the course if the 
are not understood. 


10. The day of class is when you start 
preparing for the final exam. 
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To succeed, you need tools. 


What better tools to have than ones that have been 
tested time and again and are always successful? 


The Aufmann series gives you the tools you need in 
order to succeed: 


“4 Focus your study of the material with numbered 
objective for each chapter. 


“1 Get extra practice with “You Try It” problems. 
Check your solutions to these problems against the 
complete solutions provided in the back of the text. 


“1 Get additional help at your convenience with the 
Computer Tutor available for ak Windows and 
Macintosh users. 


4 Check you Alitieas with the Student Solutions 
Manual specially designed to improve your studies 
with the textbook. 


_ Look for these supplements in 
| your bookstore or call Customer 
Service at 1-800-225-1464. 


Visit us on the web at 
http://www.hmco.com/college 


